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Task 5 :  Independent Calculation iii 
Draft Report R 

GENERAL SUMMARY 

e Rocky Flats Environmental Technology Site (RFETS) is owned by the U.S. Department 
of Energy (DOE) and is currently operated by Kaiser-Hill Company. For most of  
Dow Chemical Company operated the Rocky Flats Plant (RF") as a nuclear ,we 
development, and production complex. The RFP is located 8-10 km ( 5 4  mi) from the cities of 
Arvada,-Westminster, and Broomfield, Colorado, and 26 km (16 mi) northwest of downtown 

er, Colorado. This current project is evaluating the radionuclide soil action levels (RSALs) 
oped for implementation by the DOE, the U.S. Environmental Protection Agency 

e Colorado Department of Public Health and Environment (CDPHE). 
concern about the soil action levels established in October 1996, DOE provided &ds 
Radionuclide Soil Action Level Oversight Panel (RSALOP) to select a contractor to conduc 

ndent assessment and to calculate soil actions levels for 
ration (RAG was selected to carry out the study. 

This report, Task 5: Independent Calculation, presents the 
assessment and describes the calculations and results of the soil action levels for seven exposure 
scenarios, described in the Task 3 report. Each scenario specifies an annual limit for radiation 
dose to the receptor resulting from exposure to Rocky Flats radionuclides. Environmental dose 

. models are used to estimate dose from specified concentrations of radionuclides in environmental 
media. The soil action level for each scenario is defined as the concentration of radionuclides in 
the soil above which remediation should be considered to protect people from receiving doses 
higher .than a dose limit. A concentration in soil higher than the level predicted as the soil action 
level for each radionuclide would lead to a dose that would exceed the dose limit for the scenario, 
based on the predictions made using the characteristics of each scenario. The exposure pathways 
considered included inhalation, soil and food ingestion, and external irradiation. In addition, 
groundwater use for both irrigation and drinking water was assumed for some scenarios. The 
occurrence of a prairie fire that would remove the vegetative cover and result in increased 
resuspension of soil for a period of time was considered because such a fire, although not 
common, is possible. 

The radionuclides 241Am and the several isotopes of plutonium (u8pU through 242pU) are in the 

present in the soil at a few locations on the Rocky Flats site in concentrations above natural 
background, but the history of this contamination is different from that of the americium and 
plutonium from the 903 Area. For uranium, we assumed fixed isotope ratios for the u4U, ='U, 
and ='U present at the site and expressed the composite uranium level in terms of a single 
isotope, U. The reported calculations incorporate estimates of parameter uncertainty, and 
results for each scenario are presented in terms of the probability that the dose limit will not be 
exceeded, given levels of 

For the calculations, we used the RESRAD Version 5.82, an updated version of the RESRAD 
program used for the earlier calculations. Version 5.82 contains a major difference in an 
important pathway for the Rocky Flats calculations, one that focuses on the resuspension of soil. 
In our calculations, we did not use the RESRAD resuspension model, but we replaced it with a 

--- - - __ -~ __ __ - - __ -- = soil at.Rocky Flats and are the major radionuclides considered in the'calculation._Uranium is also=- 

238 

and u8U. 

model that is based on site-specific plutonium soil concentrations and air monitoring data. We 
also modified the approach for our analysis to include soil resuspension after a fire. 

Risk Assessment Corporation 
"Setting the standard in environmental health" DRAFT fl k\ 
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Details of our technical approach for determining isotopic ratios, estimating concentration of 
'plutonium in air, calculating alternative groundwater dose from measurements in the literature, 
' providing perspective ' on risk, *',Ad describing other computational details of the RSAL 

For each scenario, we present distributions of the radionuclide concentration as a function of 
the probability of .exceeding the dose limit. We recommend RSAL values at the 5% to 10% 
probability level; that means there is a 90% to 95% probability that the dose limit will not be 

ed. Radionuclide soil action levels are presented for plutonium isotopes for seven 
e'three DOE scen&os and the four RAC scenarios. We also explain the scenarios, 

t pathways, and radionuclides contributing to dose. For each of the RAC scenarios, soil 
1s were calcula& for two cases: one that considered the vegetation cover currently at 

RFETS and the other that considered conditions after a fire. Following a fire, it is assumed 
h a t  most of b e  vegetation'would be burned off and would no longer provide stability to the 
surface soil. The occurrence of a fire contributes to the most restrictive RSALs and, therefore, 

Ace of groundwater contamination exposure from irrigation and drinking water 
was evaluated. Our calculations showed that, in general, it takes greater than lo00 years 

for radionuclides to travel from the contaminated surface zone to the aquifer. For the year of 
maximum predicted dose (the first year, or in 2000), no activity would reach the groundwater, so 

-no-dose is predicted from this pathway. Thus, the most restrictive RSALs are obtained when the 
'water pathway is not considered in the calculation and radioactivity remains in the surface soil. 

Results of our RSALs calculation are summarized in Table GS-1 for the RAC and DOE 
scenarios with the water pathway not included (turned off). RAC's calculation of RSALs includes 
the sum-of-ratios calculation whereas the DOEYE!PA/CDPHE RSALs do not. Furthermore, RAC's 
RSALs for "h include doses from all other plutonium isotopes and radioactive progeny. 
'Isotopic ratios form the basis for defining soil concentrations relative to concentration of 23%. 
Therefore, we would expect our RSALs to be somewhat lower than those reported previously by 

' DOEEPMCDPHE. For plutonium, the major pathways of exposures depended on whether a fire 
was assumed. Without a fire, the ingestion of soils and in some case, vegetation, was dominant; 
with a fire, inhalation was the major pathway. 

='U, and u8U) for three scenarios: the 
DOE resident (DOE-1), the RAC rancher (RAC-l), and RAC child (RAC-2) scenarios. The DOE 
resident scenario was chosen for comparison with RACs methodology. The rancher and child 
scenarios were chosen because these scenarios yielded the most restrictive RSALs for plutonium. 
Both the resident rancher (RAC-1) and the child of the rancher scenarios (RAC-2) were identified 
as the most restrictive scenarios and, therefore, were the basis for our uranium recommendations. 
A significant difference between the DOE methodology and our methodology was the area of 
contamination assigned to uranium contamination. The DOE methodology assumed the area of 
uranium contamination was the same as plutonium (40,000 m'). Our investigation indicated that 
Uianium contamination is not as widespread as plutonium contamination and is mainly limited to 
past disposal areas or burn pits. We, therefore, treated the uranium contamination as a hot spot 
and restricted its area to 100 mz. For uranium, the major pathways of exposure depended on 
whether a fire was assumed. Without a fire, external exposure from the ground was dominant; 
with a fue, inhalation was the major pathway. 

culations & described in the report and in five appendices. 

. 
s the basis for RACs recommended RSALs. 

: .  

RSALs are also presented for uranium isotopes 

' 

4 DRAFT 
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Plutonium (no fire) Plutonium (with fire) 

RSAL Key pathway RSAL 
DOE-1 Resident Soil ingestion 170 NA" 
DOE-2 Open space user Ground (external) 1700 NA 
DOE-3 Office worker Soil ingestion 620 NA 

I 
RAC-1 Rancher SoiVplant ingestion 100 Inhalation 10 
RAC-2 Child of rancher SoiVplant ingestion 80 Inhalation 10 
RAC-3 Infant of rancher 

Uranium (no fire) Uranium (with fire) 
DOE- 1 Resident Ground (external) 85 
RAC-1 Rancher Ground (external) 75 Inhalation 20 
RAC-2 Child of rancher Soil ingestion 65 Inhalation 20 

a NA = not applicable. 

RAC recommends an RSAL for plutonium of 10 pCi g-'. This is based '\ on he limiting 
scenarios for the Rocky Flats site, which are the rancher (RAC-1) and child of rancher (RAC-2) 
scenarios, and it assumes the occurrence of a fire. For uranium, the RSAL value is 20 pCi g-' for 
the rancher and the child of the rancher scenario. 

This report discusses a number of other criteria that may impact the selection of an RSAL 
but were not part of our selection process. Some of these criteria include social, economic, and 
political factors that are outside the scope of RAC's work, yet their impact on the RSAL that is 
ultimately selected could be significant. 

b DRAFT Risk Assessment Corporation 
"Setting the standard in environmental health" 
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TASK 5: INDEPENDENT ,CALCULATION 

1. INTRODUCTION 

The Rocky Flats Environmental Technology Site (RFETS) is owned by the U.S. D e p m e n t  
of Energy (DOE) and is currently operated by Kaiser-Hill Company. For most of its history, the 
Dow Chemical Company operated the Rocky Flats Plant (RFP) as a nuclear weap 
development, and production complex. The RFP is located 8-10 km (5-6 mi) from 
Arvada, Westminster, 0, and 26 km (16 mi) northwest o 
Denver, Colorado. 

The current project evaluates the radionuclide soil action level 
developed for implementation by the DOE U.S. Environmental 
and the Colorado Department of Public Health and Environment (CDPHE). 
concern about the soil action levels adopted in-October 1996, D 
Radionuclide Soil Action Level Oversight Panel (RSALOP) to select 
independent assessment and to calculate soil action levels for the 
Corporation (RAC) was selected to cany out the study. This report 
these soil action levels. 

(Aanenson et al. 1999). Each scenario specifies an annual limit for 
resulting from exposure to Rocky Flats radionuclides. Environmental dose models are used to 
estimate dose from specified concentrations of radionuclides in environmental media. The soil 
action level for each scenario is defined as the concentration of radionuclides in the soil above 
which remediation should be consider to protect people from receiving doses high +an a dose 
limit. A concentration in soil higher than the level predicted as the soil action level for 
radionuclide would lead to a dose that would exceed the dose limit for the scenario, based 
predictions made using the characteristics of each scenario. 

Broomfield, Co 

The calculations are based on seven exposure scenarios described in the 

When multiple radionuclides are present in soil, measured or hypothesized concentrations 
can be combined with the respective RSALs in a sum of ratios, S. If S exceeds, 1, the estimated 
dose produced by the observed concentrations exceeds the dose limit for the scenko. For ”‘Am 

ratios are relatively constant over the area of observation, although they do 
This spatial uniformity of the activity ratios exists because the origin of the radioactivity at the 
site is the same. The combination ”%% is the most extensively measured quantity, and it has 
been the primary surrogate for plutonium and americium in the soil. It is possible to use the 
isotope ratios to express the maximum annual dose from americium and all plutonium is0 
a function of 239t2% concentration in the soil. This relationship makes it possible to e 
composite soil action level solely in terms of ”*% (although it depends implicidy‘ on 
americium and the other plutonium isotopes). 

Uranium is also present in soil concentrations above natural background at a few RFP 
locations. The history of this contamination is different from that of the americium and plutonium 
from the 903 Area, and it does not appear possible to establish a simple spatial relationship 
between the uranium and plutonium-related isotopes. However, it is reasonable to assume fixed 
isotope ratios for the 234U, ?J, and u8U present at the site and, thus, to express the composite 
uranium level in terms of a single isotope, say YJ. 

=--- and the-several isotopes of,plutoniurn (238pU through “Flu) in the soil at-Rmky 
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The calculations reported here incorporate estimates of parameter uncertainty, and results for 
each scenario are presented in terms of the probability that the dose limit will not be exceeded 
given levels of 239e% and u8U. U&um RSALs are based on the assumption of a small area of 
contamination (hot spot). 

All calculations of soil action levels involve the use of RESRAD Version 5.82. However, for 
the plutonium calculations, special techniques were required to circumvent the resuspension 
model that is programmed in B R A D .  External calculations, reported in Section 4, establish 
relationships between levels of in the soil and atmospheric concentrations at primary 

' locations of the scenario subjects. For the assumption of ground cover as it normally exists on the 
site, a regression analysis of air monitoring data for plutonium was carried out to estimate 
parameters for the resuspension model used in the external calculations. These calculations of air 
'concentration at a receptor location are based on a smoothed representation of plutonium soil data 
for the site (Aanenson et al. 1999) and integration of a Gaussian plume model over the 
contaminated source region (Sections 4 and 5) .  

The possibility of catastrophic natural events cannot realistically be ignored. It is entirely 
plausible that a prairie-grass fire could burn all vegetation off large'areas of the site, leaving bare 
soil for a year or more, with the potential for enhanced resuspension. Scenario variants that 
assume the aftermath of an extensive fire, thus, require resuspension parameters for unvegetated 
soil. Parameters for such conditions are highly uncertain; our estimate of a resuspension factor 
from the literature has 4 orders of magnitude of uncertainty (Section 6). Such a loss of vegetation 
could also change the drainage characteristics of the soil until the natural growth is reestablished. 
One possible consequence is a change in the relative contamination of surface-water and 
groundwater, which could have an effect on dose estimates for some scenarios. Although we 
would expect any changes for the scenarios under study to be minor, this hypothesis has 
hydrological implications that cannot be explored within the resources of this project. 

Some scenario variants discussed in this report assume the use of water from a contaminated 
aquifer. The results of these scenario variants must be considered tentative. Soil-to-water 
pathways cannot be treated definitively within this project because of their complexity and the 
incompleteness of data specific to this site. Some of these questions are within the purview of the 
Actinide Migration Project, and any treatment of them that might be attempted here would be 
premature. Instead, the RAC scenarios adopted most of the water pathway parameters used for the 
DOE resident scenario. That scenario considers only waterborne contamination through irrigation 
of garden crops from a well. DOE presumably assumed an uncontaminated municipal water 
source for all other water uses. For the RAC resident rancher scenarios, we assumed contaminated 
well water was the source for all water pathways. The RESRAD water-related transport 
parameters for the DOE resident scenario were based on site-specific data (DOEEPNCDPHE 
1996). Most of these parameter assignments were adopted for the water variants of the RAC 
scenarios. The exceptions were the soil-water equilibrium distribution coefficients, Kd (measured 
in milliliters per gram), which are treated here as having order-of-magnitude uncertainty. 

Calculations with the scenario variants that assume exposure to contaminated water indicate 
that in some parameter ranges the water pathway can dominate other exposure pathways. Specific 
cases are shown and discussed in Section 8. However, none of these results should be considered 
definitive in view of the incomplete information concerning radionuclide transport and exposure 
of subjects by these water pathways. The only conclusion to be drawn at this time is that the 
water pathways should not be dismissed out of hand. Rather, their potential for exposing people 

' 
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to radionuclides now residing in the soil on and near the Rocky Flats site should be investigated 
further as information from the Actinide Migration Project and other sources becomes available. 

DOEEPNCDPHE (1996), pointed to the inhalation of resuspended radionuclides as the 
dominant exposure pathway. Under the assumption of the normal ground cover for the site, 
however, soil ingestion becomes the dominant pathway. In some cases, the contaminated water 
pathways (for which the caveats of the previous paragraph must be kept in mind) show a potential 
for dominant importance. The analysis reported by DOEEPNCDPHE (1996) considered 
contaminated water in only one scenario, and this exposure was restricted to the imgation of a 
garden from a well. DOE considered other waterdependent pathways unlikely and did not 
include them in the scenario definitions. Thus, it is not surprising that in deliberately conservative 
RAC scenarios, such as the resident rancher's child (Section 8), the water pathways might prove 
important for some parameter ranges. 

Initial indications, based partly on results with the DOE scenarios rt& 'in 

However, there are two other reasons for the change in pathway rank: 
1. 
2. 

The change in resuspension modeling 
Replacement of the radiation dose coefficients used for the analysis reported by 
DOEEPNCDPHE (1996) with those currently recommended for the public by the 
International Commission on Radiological Protection (ICRP). 

Updating the dose coefficients had the simultaneous effect of reducing the annual dose per 
becquerel" intake by inhalation and increasing the dose per becquerel intake by ingestion. Thus, 
the change in the dose coefficients increased the soil ingestion dose and decreased the inhalation 
dose from resuspended radionuclides, leaving the soil ingestion dose dominant for some cases. 

In the variants of RAC scenarios that consider the aftermath of a fire, however, the generally 
high rate of resuspension restores the inhalation dose to its position of dominance although the 
water pathways complicate the picture. When small Kd values occur in the Monte Carlo sampling 
in conjunction with sufficiently small resuspension factors, dose components from the water 
pathways can dominate, Such events can influence the curves that show the probability of 
exceeding the dose limit (Section 8). 

The probability curves in Section 8 provide a compact means of appraising the relationship 

environmental model) produce that annual dose. The relationship is affected by uncertain 
parameters, and this component of uncertainty is taken into account by estimating the probability 
that the annual dose limit will be exceeded. This probability is plotted against the concentration of 
239+2% on the horizontal axis. 

These plots provide information to help interested parties quantify standards for acceptance 
of soil action levels. They do not provide value judgments about what probability criterion (e.g., 
5% or 20%) should be adopted in a given case. In some discussions, a 10% probability of an 
undesired outcome might be considered small enough to be acceptable. In other contexts, this 
level might be judged too great a risk. Weight must also be given to cost and to practical 
consideration of what is technically feasible. These questions are addressed in Sections 7 and 9. 

We wish to emphasize that the calculations shown in this report provide a general approach 
to the determination of Rocky Flats soil action levels. We believe our approach to be proper and 

- between. @e annual dose limit fora  scenario a d  radionuclide ~~ IeveJs that would (according to the _--_e .5 - 

a A bequerel is a unit of activity. 1Bq = 2.7 x lo-" Ci, or 1 Bq = 27 pCi 
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accurate, but alternatives might also be possible. Our recommendations for soil action levels 
might also be'adapted, based on additional criteria that we did not include in our decision-making 

$r&ss, but our technique is sound and provides an approach for selecting an RSAL based on the 
-distributions we present. * 
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- 3  2. BACKGROUND ~. OF THE STUDY 

, The fust task of the study (Task 1, Cleanup Levels at Other Sites) was designed to provide 
e RSALOP with an unbiased evaluation and comparison of previously developed soil action 

for the RFETS and other facilities (Weber 1999). Soil action levels and other cleanup 
a have been established at a number of national and international sites. Based on our review 

of soil action levels at other sites, RAC concluded that the soil action levels developed by the 
DOEYEPAKDPHE for at the RFETS are significantly higher &an action or cleanup levels at 

ther facilities. This was the case even when normalized to dose, i.e., presented as soil level per 
dose. RAC was able to identify the differences between levels in almost every case. The 

repancies were always related to different parameter \ I  valuation or different baseline 

DOE calculated soil action levels with the RESRAD computer program (Version 5.61) 
OEYEPNCDPHE 1996). When RAC began its independent assessment, we evaluated five 

environmental assessment computer programs for use in the project (RESRAD, MEPAS, GENI[, 
MMSOLS, and DandD). The results of the evaluation are presented in the Task2 report 
(Killough et al. 1999). Based on this evaluation, RAC selected an updated version of the 
RESRAD code, Version 5.82, for all independent calculations of soil action levels for the current 
project. RESRAD Version 5.82 contains one major difference in an important pathway for the 
Rocky Flats calculations, one that focuses on the resuspension of soil. 

The outcome of the RESRAD calculation is strongly controlled by a few parameters. The 
controlling parameters are mass loading (resuspension), soil-water equilibrium distribution 
coefficient, mean annual wind speed, and area of the contaminated zone. RAC studied the 
influence of these and other parameters on determining the soil action levels. The input 
parameters to RESRAD are described in detail in the Task 3 report (Aanenson et al. 1999). Each 
parameter of significance to the calculation is described, and the input values to be used in the 
independent calculation are given. Many other parameters are discussed in the Task 3 report, not 
because they significantly impact the calculation, but because we changed the values from their 
DOEdEPAICDPHE value to better reflect the current state of knowledge. 

Another important consideration is the dose conversion factors (DCFs), which are the 
~- i_nuclide-sp_ecifk factors. per unit concentratiokof &haled or ingested 
radionuclide. We used DCFs from the most recent ICRP report addressing the subject (ICRP 
1996) rather than the values from ICRP 30 (ICRP 1979) used in the original DOE assessment. 
The newer ICRP 70 (ICRP 1996) inhalation dose coefficients for plutonium are lower than those 
reported in ICRP 30 primarily because the newer respiratory tract model assumed a reduced 
uptake of plutonium from the lung. The newer model also considers dose to specific cells at risk 
(target cells) rather than calculating an average dose over a region. 

We also studied some important scenario-related parameters in detail, such as the breathing 
rate and soil ingestion rates (Aanenson et al. 1999). The exposure scenarios are an integral part of 
the soil action level work, and RAC invested considerable thought and time to ensure the 
scenarios would be protective of people who may come into contact with the site in the future. 
Each scenario hypothesized the exposure characteristics of a single individual, with a defined set 
of behaviors and physical attributes. RAC evaluated the three scenarios described in the existing 
soil action level report (DOEEPNCDPHE 1996) and developed four additional scenarios after 
numerous discussions with the RSALOP. The scenarios are defined by numerous parameters of 
varying importance. Examples of important scenario parameters include breathing rates for 
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various activity levels and ages, soil 'ingestion rates for children and adults, fraction of time spent 
indoors and outdoors, and the potential use of or exposure to contaminated water from the area. 
-We focused our greatest effort on establishing d u e s  for breathing rate and soil ingestion because 

ey were p v e E r s  in which the panel expressed primary interest. 
RAC also developed a Monte Carlo interface for RESRAD to estimate uncertainty 

stributions for the final dose and soil action level values for each of the scenarios and used 
bability distributions developed for the input parameters (Aanenson et al. 1999). This interface 

also helped us consider the nonuniform spatial distribution of plutonium and americium in the 
, 'soil on and near the PFp site. The ihterface 'was cklibrated to reflect site-specific conditions and 
used site-sp&ific historic dat&-particul&ly air monitoring and soil concentration data. 

This current report builds on the assbptions and methodologies explained in the reports for 
llough et al. 1999), and Task 3 (Aanenson et al. 1999). 

r to review these previous reports for specific details about the 

I -  

vels and input data used in our analyses. 
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3. ISOTO TIOS FOR PLUTONIUM, AMERICIUM, 
' AND NEPTUNIUM 

Plutonium radioactivity measurements in the soil and air at Rocky Flats are expressed as the 
and 2%. Other isotopes of plutonium and americium and nep ,dum 

- are presented. Relative, amounts of these radionuclides change with time according to> the+ initial 
proportions and their radioactive decay schemes. The dominant signal over most of the site is 
radioactivity from solvents leaked onto ,the 903 Area from storage barrels in the 1960s and 
dispersed by wind-driven resuspension of soil particles. Thus, ratios of the radionuclide activities 
are predictable and are assumed approximately uniform over the site. 

In the calculations of soil action levels, we considered u*Pu, =%, *'%.I, ='Pu, "2Pu, "'Am, 
and 237Np. Krey et al. (1976) summarized measurements of mass ratios of the plutonium isotopes 
made in 1971. Table 3-1 normalizes these ratios to a total of 100 g of plutonium and shows the 
corresponding specific and absolute activities of the isotopes. Table 3-1 also shows quantities of 
"'Am and "7Np calculated from the "'Pu -+ "'Am + 237Np decay chain for the year 1971. The 
calculation assumed that a unit "'h activity was present in 1965, with no decay products 
present. We then adjusted the ities calculated for 1971 to make "'h agree with the activity 
level shown in the table, giving the correct relative proportions of the decay products for that 

um of the isotopes 

year. 

Table 3-1. Initial (1971) Isotope Ratios for Plutonium and its Decay Products 
Specific activity Mass Activity 

Isotope mq g-' g TBq pCi c i  -la 

PU-238 6.34 x lo-' 1.71 x 1013 6.79 x 4.31 x 1.16 x 10'' 
PU-239 2.30 x 6.22 x 10" 9.49 x 10' 2.18 x lo-' 5.90 x 10l2 
PU-240 8.43 x 2.28 x 10" 4.84 4.08 x 1.10 x 10I2 
PU-241 3.81 1.03 x l O I 4  2.19 x lo-' 8.34 x lo-' 2.26 x 1013 

Am-24 1 1.27 x lo-' 3.43 x 10l2 7.26 x 9.22 x 2.49 x 10" 
PU-242 1.45 x 10" 3.92 x lo9 1.36 x 1.97 io+ 5.33 io7 

__ ~- - 

Figure 3-1 shows the behavior of the isotopes in Table 3-1 over time. Plutonium-241 decays 
by beta to "'Am, which we estimate will reach a maximum in 2032. Americium-241 decays by 
alpha to 237Np. Plutonium-239, *%, and 242Pu have half-lives of thousands of years and undergo 
negligible radioactive decay during the period considered. We included the effect of leaching 
with a soil-water partition coefficient Kd = 2000 m~ g-' for all plutonium isotopes and Kd = 1oOO 
mL g-' for americium. This would simulate some removal of these radionuclides from surface 
soil. 

The initial conditions were based on the relative activities in 1971 given in the table. The 
kinetic behavior of the decay chain 241Pu + "'Am 4 "7Np was calculated by standard methods. 
The calculation predicted a maximum for 241Am in the year 2032. Krey et al. (1976) made a 

a The units pCi g-' are used almost exclusively throughout this report. Although these units are 
not the ones commonly used among experts, they are the most readily recognizable for the panel. 
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. . .  . .  

similar estimate. 'The radioactive decay products: of other ' s s i e s  . .  ,that .are not shown, but these 
iadionuclides form &I quantities that he neglisble for'dose. 

. .  
. 

. . ' . ". In shulations involving RESRAD, we' began all calculations in the year 1971 to fully 
.. o h  _ _  .- $or . the decay'&d 'removal -kinetics of the species. RESRAD makes the decay chain 

.'&i~atitins, . . . . . .  ii"aaditioh , . t';s simulating removal. of radioactivity fiom surface 'soil over time. We 
" . e s h k d  initial'concenkations for n97 1 by'back'calculating from the desired levels of ?&*% in 

. . b e  year'.2000 (or, 2100)' bakd on scenario assumptions. Uncertairities enter through the assumed ,;.. . 

'&d 1evel'Qf 2000 ~d thi.ou&.dther p-eters. . :... . . . .  
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. 
- . .  ' -'.F&gue 3-1. Relative'kinetics of plutonium,.americium, and neptunium in Rocky Flats 

soil from 1971 to 2050. The activity proportions correspond to 100 g of plutonium with 
isotope mass ratios ,given by Krey et al. (1976). 
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. Our approach to estimating soil action levels requirk that we recalculate RESRAD's ratio of 
&r and soil radioactivity concentrations to account for the large spatial variations in soil 
radioactivity. In effect, it was necessary to estimate realistic air concentrations of radioactivity 

_ -  d use them to modlfy,the - _ _  ___ -  R E S W  A - --- -. parameters. i_ p-- This _r appr _ _  ...- , - -1 

of "9'2"pU idioactivity concentration in soil on 
We use &e term model to define our derived spatial distribution of plutonium because we 

, need an,estimate of the concentration for any specified location, including locations where no 
, measurements have been made. Additionally, the distribution was smoothed somewhat to level 

the considerable scatter in the data. It was necessary to use some degree of smoothing to allow the 
model to be used for numerical integration, which is required to add the contributions to 
resuspended plutonium from different locations. 

To define such a model, we began with a database of observations. We restricted our 
selection, for the most part, to measurements for which the documentation included the sampling 
depth and an approximate time when the samples were taken (one set of measurements that did 
not meet these criteria is discussed below). The sampling depth is of particular importance 
because recent field and theoretical work reported by Webb et al. (1997) has established a 
parametric depth profile for 239Pu at Rocky Flats that can be applied generically to adjust samples 
taken to various depths to a common basis. 
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. . .  . . .  . .  . . _ .  . . . .  . ~ : . ." 
In general, we followed . . . .  .the e x h l e  of Webb , .. et ~ al. .. (1997) ,$d used t h e u g h  .. j..' . concentration 

in the 0-3cm layer as rep&sent&ive of th.e concen&tion'of plutohiuk hi resuspendable soil. The 
geneec profile indicates that essentially al1,plutonium . . . . .  in the soil at Rocky Flats is c@-rently 

, . confined to-. a depth'.'of 20 'cm, 'with concentrations that ".decrease. with hxeashg  depth. 
'Concentrations .: . based 'on s&les taken t o  iepths . . .  less' than 20 cm were adjusted to the '&3cm 

th . . . . . . . . . .  profile. of the sample was 'propohional to the standard of Webb 

. .  . Evo1ution:of &e . . .  profile .:. . ' (  over . . .  &tie is less cleq. ;After.its'iqitial windbome - .  $tnsport . from the 

-'deposited and established the' 2&m profde: Krey '&a Hardy (1970) indicated that plutonium had 
.' already qigrated beyond the 13cm depth. Poet and artell (1972) challenged this conclusion, 
.:Fiporting $at most 'of . &ti ',. plu'tonium ,.I at siiiei' ' , : sites. ed to the Clem 

. (1970) study occur& at.sites'thh we= remote from the 903 ... k e a  . , . L  and:& locations where soil had 
nded the conclusion'of Krey and Haidy 

. The do&w&d n's&&;o have been kpih knd to'have akenuated quickly, and there 
' . .  ' . 'has been. no .de.? iqdication of. migration.deeper - ' ,  _ .  

. 
&an 20 cm. The plutonium soil inventory 

. .  . ' ' - .  es&tes"pro&d , . . . . . . . .  by Webb I . .  (i996j .support. ... :a , .. iiipid'but . . , :  limited &gation' of plutonium. These 
. . . . .  'estimates are consistent with a regiession curve . . .  with an initial exponential removal of 40% of the 

inventory. out of he :&3cm:layer Within 10 . ~, ye& (Figke 4-l) . 'he curve indicates an asymptotic 
ievel of about 52% of the kitial deposition re&ihg in the .&3cm layer. This schedule seems 
too gradual to .be consistent with k e y  and Hardy (1970) and Krey (1974)' and with some 
observations of'Krey'et al. (1977). Data from some of the locations sampled in these two studies 
were omitted from the regression'.twause of the apparently inconsistent interpretations. These 
omitted 'observations are presented as' o&n circles in' Figure .41. Rood and Grogan (1999) give a 
M e r  discussion of the questionsinvolved. . , <  - 

It is likely &at nahiral processes continue to remove plutonium from the surface soil, and the 
regression curve simulates this . . .  long-term'removal with 'a rate coefficient of -0.00255 y-l. In 

-addition to deriv&g'&e.regression C&e, we 'performed a.statistical analysis on samples 
from the 0-5cm depth (that wek :'taken &i pgrt of the  rocky 'Hats monitorhg program. These 
samples were taken'annually.'from . I  ... . % .  . . .  ,1984 through;l994, .at 40 locations, with distances roughly 1.6 
and 3.2 'km (1 iind 2 mi) from'the'center: ofthe site and at direction intervals of 18". Using the 
.aggregated data,' we 1 es&ted a1 loss rate .of a p p r o h t e l y  1 % per yeai during the 1 1-year 
iampling perid (Figure ... i-1 . . .  ite consideAble scatter in the data, separate estimates based on 

.' the inner Lnd outer rings of 1ocations.were consistent, giving nearly identical values of the 
rate itieffiiient. ' A  95%"' ce ' interh for .the: ,&e coefficient is '.4.00987 f 0.0182 
(-0.02807,0.00833) per ye?. , , Note - .  that this inte&d hcludes a segment of nonnegative numbers 
and, thus, does not exclude zero loss at the.95%.level (however, a 70% conftdence interval would 
exclude the zero loss rate). Fi&e 4-1 indicates' &at the ra& estimate gives-a good-approximation 

pth b?, assuqing . that the .. . . . . . . .  ..... :. . .  .a . . .  . .  . .  . , ., . .  . , . I  ._. . . . a  ., . . \  .._.... 
et al. . *  (i997). , . . . .  . .  

. '903 Area,''it appears .that plutonium rhi&ted withir;a few ye& 'into'the .soil,' . .  where it w e  

. . .  layer. 9%ey asserted that most ,of the plutonium' found at greater depths'in . . .  the . . . .  Krey 'gn'd Hhdy' 

. . .  

" 

.: ; . .,: . ' *  / ,  . < .  . . .  

' ; 'been disturbed. However, Krey (1974) subsequently 
.I  . .  _1. . . .  . .  

. .  

_ 1 ,  ..,. .. .. . -  . . .  . .  (1970). . .  . -  

I. . .  

. . .  

' 

:;.. 1 : .  - ,  . 

. ' to the slope of 'the . . . . .  regression'cve during the.re1evant'period. 
. . .  . _  
. .  

. , .  . , .  . .  

~3 DRAFT 



Task 5: Independent Calculation 4-3 

I " +  

Draft Report 

B' 

summarized by Webb (1996). The curve 

determined parameters Q = 0.54769, b, = -0.00255, and bz = 4.1825. The black circles 
represent the data used for the regression, and the white circles indicate omitted 
observations. The dashed line refers to a separate analysis. It is based on plutonium data 
from the 0-5-cm layer at 1.6 and 3.2-km (1 and 2 4 )  distances from the 903 Area (20 
locations at each ce), representing the years 1984-1994. The estimated exponential 

stimate a probability of 85% that the rate 

The raw data for the plutonium database were obtained from two sources: 
1. A computer archive of 1122 results of. soil samples, deposited with the CDPHE by 

2. Table 1-2 of Appendix I 
~ ~~ 

- - _ _  ~ _ -  - _ _  _ _  - - _ -  - M. Iggy,Litaor _ _  - - _ _  - _  - - 3  - 

The computer archive of LitaorKDPHE provided Colorado State Plane (CSP) coordinates 
(feet) and activity concentrations (picocuries per gram) for observations reported by Illsley and 
Hume (1979). It also provided the CSP coordinates for the 40 locations of the RF monitoring 
series mentioned previously (rings at approximately 1.6 and 3.2 km [ 1 and 2 mi] from the center 
of the site, at angular intervals of 18O). For each of these 40 locations, we averaged the series 

\ "%J for 1984-1994 for use in our model; the plutonium results for these locations were taken 
from the 1994 environmental monitoring report (RFETS 1994) rather than from the archive. 
Many of the data in the LitaorKDPHE archive could not be documented and, therefore, were not 
used. One series, with code numbers PTOOO-PT124, however, was considered essential because 
of the coverage it provided near the 903 Area. The Rocky Flats sampling protocol specified a 
sampling depth of 0-5 cm, and we assumed that all observations in the PT series were taken in 
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conformity with this protocol, but it is possible ‘that the series conkGns some values that are based 
on shallower depths. We did not use other data from this archive. 

Table 1-2 from Ripple et al. (1994) provides good documentation and discussion of a variety 
of measurements taken during 1969-1971. The protocols vary, and sampling depths range from 1 
to 20 cm. The plutonium activity was reported as millicuries per square kilometer, which we 
converted to becquerels per kilogram” using an assumed average bulk soil density of 1 g ~ m - ~ .  
We used the raw data as presented and not the numbers in the column labeled “corrected.” 
Coordinates in the appendix of Ripple et al. (1994) were given in the >Universal Transverse 
Mercator (UTM) system (m). te,that the Litaor’dCDPHEi archive included the data from 
Ripple et al. (1994) and waS of what Litaor termed the “historic data set” (Litaor et al. 
1995), but this component ase was taken dir@ly from Ripple et al. (1994). The 
assembled database from which our model was derived consists of 588 entries, and some of the 
entries represent averages of multiple samples taken at the same location at diierent times. 

We adjusted the observed plutonium concentrations usbg a generic profile of Webb et al. 
(1997). This profile (referred to as the W.ebb proftle) is based on plutonium sampling at Rocky 
Flats during the early 1990s. The adjustment estimates the concentration in’the 0-3cm layer that 
would correspond to a repoqed concentration (becquerels per kilogram) in a sample taken to an 
arbitrary depth a (in centimekrs). The underlyingbsumption is that the concentration profile in 
the soii column would be proportional to the Webb profile. 

The Webb profile expresses the ratio of the plutonium concentration at an arbitrary depth, z 
(cm), to the concentration averaged over the 0-3cm layer as an empirical function of z: 

- *  . 

’ . .I 
I 

[ h ] ,  =[Pu]0-3cm x[1-(1-1.41e -0.16e-0.’91 )4 ]  = [Pu]0-3cm - f(z) (4-1) 

where the bracketed quantities represent concentrations of 239t% (Bq kg-’). If we are given a 
plutonium activity A(a)  (Bq) that was sampled from the 0 - W m  layer, we can express it as 

where p(z) (kg c ~ T - ~ )  is the bulk density of the soil at depth z. We can solve Equation (4-2) for 
the desired concentration in the 0-3cm layer: 

I 

Webb et al. (1997) provided a profile ,of the Rocky Flats soil bulk density, excluding rocks of 
diameter greater than 2 mm: 

p( z )  = 0.79 x kg cm-3 . (4-4) 

a A bequerel per kilogram can be converted to a picocurie per gram by multiplying by 0.027. 
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The exclusion of larger particles corresponds to sieving of the sample soil, whichis part of 
the contemporary sampling protocol. Thus, the density profile is not representative of the true 
bulk density of the soil. However, assuming that little plutonium would be associated with rocks, 
it'places the samples on a common basis (Webb et al. 1997). When Equation (4+) is substituted 
into Equation (4-3), the integral is computed by a numerical method. 

rough (4-4) is directly applic 
samples. A strict interpretation would question i ication to data taken around 1970, such as 
the historic subset of our database, given the temporal migration of plutonium indicated by 
Figure 4-1. The figure suggests that during the years 1969-1971, 80% or more of the observed 
plutonium in the historic database from Ripple et al. (1994) would have been in the 0-3cm 
surface soil layer. Thus, given the evolution indicated by the figure, it is reasonable to assume 
that samples to a depth of 5 cm or more wo 
903 Area plutonium in 

(4-1) through ( 4 4 ,  irres 
vilues for sample age 
result would be to decrease 
magnitude of the change wou lowest sampling depths (a factor of at most 
2.6 for lcm depths sampled in 19 hange for 20cm sampling depths. 
In view of this relative nt between trends indicated by 
the database and by the data of t al. (1997), we have not made adjustments for the age of 
the sample. The evidence for the initial rate of decrease indicated in Figure 4-1 is tenuous, and the 
decline could well have been more rapid, indicating adjustments of lesser magnitude. Other 
considerations argued against making such an adjustment. A proper analysis of this question 
would require a model that would account for the evolution of the profile from the 1960s to the 
early 1990s when the sampling reported by Webb et al. (1997) was carried out. But it is not clear 
that sufficient profile data exist to support f i rd  conclusions based on such a model. This question 
could be revisited if further analysis is required in support of remediation decisions. 

Figure 4-2 shows the locations of all samples in the database. Location symbols are 
differentiated to indicate concentrations <2, 2-10, l+lOO, and >lo0 Bq k g l .  Even this crude 

- -bre&down __ gives a fair- sense of the spatial diskbution of the soil-concentrations of =gPu. 
Coverage within the plant &ea and west of the site is relatively thin, and it is unlikely that these 
areas can be substantially supplemented from other sampling records. Prevailing westerly winds 
directed most of the attention of investigators to areas east of the 903 Area. 

To be useful, a spatial model of the plutonium concentration in soil must provide estimates 
for locations not included in the database (interpolation). Also, given the considerable scatter in 
the data, it must provide smoothing. Some efforts have based estimation of contours on kriging 
methods (Litaor et al. 1995). We based our approach on the more direct assumption that most of 
the spatial distribution of plutonium is the result of wind transport of contaminated soil particles 
from the 903 Area and, thus, a polar representation from this center is reasonable. Webb et al. 
(1997) points out that power functions have given satisfactory fits to data along transects from the 
903 Area. Figure 4-3 shows power functions fitted to subsets of our database that lie near the 60", 
90°, and 120" transects; the black squares represent the data of Webb et al. (1997) (which we 
include in our model's database). The data of Webb et al. (1997) are extensively documented. 
They provide a check on the transformation of the remaining data 

The procedure summarized by Equations (4- 

counted for essentially all 

We initially adjust 
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Figure 4-2. Locations of more than 588 soil samples of at Rocky Flats used as a 
basis for a spatial model. The plotted symbols give a rough indication of the large-scale 
variation of the plutonium concentration. Sources of the data were lllsley and Hume 
(1979), Ripple et al. (1994), and one series from an archive of M. Iggy Litaor provided by 
the Colorado Department of Public Health and Environment. 
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from heterogeneous sampling efforts to the common basis represented by the profd 
(4-1) and by the adjusted bulk density profile for soil particles of diameter les 
(Equation 4-4). The 2-mm cutoff corresponds to the sieving separation of rocks 
most of the sample-.preparations. In some of the older s 
pulverized and remixed with the soil (Krey et al. 1976). 

The model is defined by power functions fitted to @e d 
centerlines at O", 22.5 5", etc. For points on a sector cente 
power function from near the 903 Area to the distance at which the power 
2.1 Bq kg-l, which is the estimate of background given by Webb et al.. (1997). Be 
distance, all values are assumed to be background for purposes of the 

sectors, linear interpolation based on the angle is us 
tors northwest of the 9031Area (292.5" and 315") 

redible power function fits, and the power function 
tors. Figure 4-3 shows the dat+ and the power func 

and indicates good consistency of the 
Figure 4-3 also emphasizes the scatter 

60' transect 90' transect 
105 
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0 Composite data base Webb et al. (1 997) - - - - Background (2.1 Bq kg-') 4 

Figure 4-3. Power function representation of "%I, concentrations in soil along three 
transects from the 903 Area. The power functions are straight lines on logarithmic plots. 
The data of Webb et al. (1997) (black squares) provide a check on the heterogeneous data 
representing different times and protocols. Data from all sampling depths have been 
transformed by the profile of Webb et al. (1997) to represent the 0-3-cm layer. 
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i Contours based on the model ire shown in Figure 4-4. Dashed lines indicate extrapolation of 
@e two northwest sectors. Sample locations are shown outside the 2 Bq k g l  contour 
(approximately background) and within the northwest sectors (where they tend to confirm the 
adequacy of the extrapolations). For legibility, we deleted sample points from other regions 
within the contours. The contours may be considered crude, with an angular resolution no better 
than the linear interpolation between sectors, but they illustrate the considerable variation of the 
concentrations and the particularly rapid increase as the 903 Area is approached along eastward 
transects. 

The model estimates are constrained not to exceed the maximum adjusted sample value 
(567,000 Bq kg-l), which occurs in the immediate vicinity of the 903 ArearThe points shown 
outside the 2 Bq kg-l contour indicate some observations that exceed background in the 2-10 and 
1&100 Bq kg-l ranges. Incidents such as the 1957 fire could account'for components of 
plutonium concentration that do not conform to the radial model. In any case, one cannot assume 
that these contours (or b y  set of contours based on plutonium concentrations in soil at Rocky 
Flats) provide exact partitions according to magnitude. The smoothing and interpolation provided 
by the model, in addition to perturbations such-as the 1957 fire, must be kept in mind. The model 
is not expected to give accurate estimates at specific locations, but it does provide a basis for 
integrating resuspension fluxes over large areas for calibration, which is the point of this exercies. 
Figure 4-3 gives a sense of the local reliability that may be expected of it. 

< r  < .  

4.2 Uranium Methodology 

A signifkant difference between the DOE and RAC methodologies is the size of the area 
assumed to contain uranium contamination. The DOE methodology assumed the area of uranium 
contamination was the same as plutonium (40,000 mz). Our investigation indicated that uranium 
contamination was not as widespread as plutonium and was mainly limited to past disposal areas 
or bum pits. We, therefore, treated the uranium contamination as a hot spot and restricted its area 
to 100 mz. Consequently, the calibration procedure used for the plutonium analysis was not 
applicable to the uranium analysis because uranium contamination does not have the same spatial 
extent as plutonium contamination. 

: 1 
I 

4.2.1 Mass Loading Factor for Uranium Analysis 

To address the resuspension from uranium contaminated areas, we resorted to the mass 
loading factor approach used in RESRAD. The mass loading factor relies on dust loading 

I 
I 

measurements and was the approach used by DOE to calculate S A L S  @OE/EPA/CDPHE 
1996). The air concentration from resuspension is estimated using 

C, = MLC, 

where 
C, = airborne concentration from resuspension 
ML = 
C, = surface soil concentration (Ci g-'). 

mass loading factor (g m-3) 

(4-5) 
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Figure 4-4. Contours of approximate =%I concentration in soil (becquerels per 
kilogram) based on the spatial distribution model described in the text. Dashed parts of 
the contours indicate extrapolation where coverage was insufficient for fitting power 
functions. In these regions and outside the 2 Bq kg-' contour, sample locations were 
plotted to show there are some above-background observations where the model would 
indicate background (2.1 Bq kg-'). The model provides interpolation and smoothing for 
the many measurements. It does not accurately predict concentrations at individual 
locations or show fine detail, but it is used to integrate resuspension fluxes over large 
areas. 
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The air concentration is further modified by an area factor that accounts for dilution of the 
airborne mass from uncontaminated dust that enters the air stream upwind from the source 
(Section 4.1). The area factor approaches 1.0 for very large areas. The original RSALs 
(DOEEPNCDPHE 1996) were based on a mass loading factor of 26 pg m-3. Mass loading in the 
vicinity of Rocky Flats has been measured by the CDPHE. Hodgin (1998) provided a review of 
these data for 1995, 1996, and 1997. The annual average geometric mean total suspended 
particulates (TSPs) was 37 pg m-3 at the east end of the Industrial Area and 27 pg m-3 in the 
interior of the east Buffer Zone. Geometric mean TSP concentrations around the perimeter of the 
FWP ranged from a high of 39.8 pg m-3 at the west perimeter to a low of 25.6 pg m-3 at the 
northern perimeter of the site. 

Rood and Grogan (1999) reviewed mass loading factors for Phase II of the Rocky Flats Dose 
Reconstruction project. Raw data from the perimeter monitoring stations were obtained,from 
personnel at CDPHE for the years 1992-1998. The geometric mean of the six annual average 
TSP concentrations was 35 pg m-3, with a geometric standard deviation of 1.25. In the Phase I 
Dose Reconstruction Project, the contractor, ChemRisk, reported the geometric mean TSP q u a l  
average concentration at Rocky Flats as 60 pg m-3 for 1980, 1983, and 1984 (ChemRisk 1994). 
This value was obtained verbally by ChemRisk from CDPHE personnel, and records of this 
information were not obtained. We queried CDPHE about this value, and they referred us to the 
later measurements that were considerably lower than those used by ChemRisk in Phase I. A 
mean of 35 pg m-3 appears more reasonable than 60 pg m-3 based on other measurements near 
Rocky Flats and elsewhere. According to the EPA (1990), the annual mean TSP concentration at 
30 nonurban sites ranges from 5 to 50 pg m-3. Whicker and Schultz (1982) give an average dust 
loading in nonurban locations of about 40 pg m-3. For urban locations, Gilbert et al. (1983) 
reports TSP concentrations range from 33 to 250 pg m-3. 

Because we are dealing with a nonurban environment, we believe the site-specific mass 
loading factors are more appropriate to use. Therefore, we applied a mass loading factor having a 
geometric mean of 35 pg m-3 and a geometric standard deviation of 1.5. The geometric standard 
deviation was increased to include the range of measured dust concentrations at the €UT. 

In the case of the fire, we scaled the mass loading factor according to the increase in the air 
concentration of plutonium estimated to have occurred as a result of the lack of vegetation. At the 
rancher scenario location, the plutonium air concentrations with and without the fire were 7.6 X 

lo4 pCi m-3 and 0.15 pCi m-3, respectively. The ratio of the two values is -200. Therefore, the 
mass loading factor for the fire case was 200 x 35 pg m-3 = 7 x pg m-3. 

4.2.2 Isotopic Ratios and Sum of Ratios for Uranium 

As was done with the plutonium isotopes, we calculated a sum of ratios for the uranium 
isotopes. The sum of ratios calculation requires that we know the relative abundance of each 
isotope in the soil. Isotopic ratios were based on data in Litaor (1995) in his examination of 
disposal pits 1-4, 8,9, 11, and 12. We are concerned with three isotopes of uranium: %, 
and were assumed to have the same activity-that is, they have an 
isotopic ratio of 1. Isotopic ratios for ='U (u8U/%) was assigned a log triangular distribution 
having a minimum of 6.2, a most likely value of 25, and a maximum value of 92. 

Uranium-238 and 
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The sum of ratios calculation for uranium was separated from the plutonium calculation. Te 
analysis we document in this report did not attempt to combine the exposures to uranium and 
plutonium in providing RSAL values for the two radionuclides. A meaningful joint analysis for a 
scenario exposed to plutonium and uranium in different ways would require subjective weights 
for the two exposure modes. Special cases would have to be considered, including one where the 
subject’s primary location coincides with one of the uranium hot spots. If the scenario is not 
located near a uranium hot spot, what degree of subordinate weighting of uranium relative to 
plutonium would be appropriate to account for distances from the uranium locations? These 
refinements would be very diffkult to incorporate and explain in the computational structure that 
we have adopted, and we do not attempt to do so within the limitations of this project. Section 8 
includes distributions of the probability of exceeding the dose limit for the uranium isotopes for a 
scenario located in the vicinity of the hot spots. 
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5. ESTIMATING CONCENTRATIONS OF PLUTONIUM IN AIR 

ntial for resuspension of radiologically contaminated soil must be given serious 
consideration in assessments of the Rocky Flats site. Inhalation of airborne soil particles 

. -  

contaminated with plutonium and americium isotopes has been considered a possibly important 
exposure pathway, and its importance could be increased by a natural event, such as a fire that 
destroyed vegetation on the site. 

For the existing ground cover on most of the site (uncut grass), our simulations suggest that 
posure by inhalation of resuspended soil is of less importance than the aggregate of ingestion 
thways. We have replaced the internal dose coefficients in the RESRAD database, which were 

taken from ICRP Publication 30 (ICRF’ 1979), with dose coefficients currently recommended by 
the ICRP for members of the public (ICRP 1996). For the radionuclides of concern in the soil at 
Rocky Flats, the newer dose coefficients simultaneously reduce the dose by 
increase the dose by ingestion, and the resultant changes are substantial. 

Departure from the methodology of RESRAD Version 5.61 also contributes to a diminution 
of the inhalation pathway. The RESRAD resuspension model in Version 5.61 combihed a soil 
mass loading parameter (essentially a mass concentration of soil particles in air, g r d p e r  cubic 
meter) with an area factor that represented the proportion of the airborne soil particles that were 
resuspended within the contaminated area of the soil. If the contaminated airborne particles are 
assumed to be representative of nearby contaminated soil, then the airborne radioactivity 
(becquerels per cubic meter) can be calculated as the product of the soil concentration (becquerels 
per gram) and the mass loading factor (grams per cubic meter). The RESRAD area factor corrects 
for the uncontaminated proportion of the airborne particles. The area factor in RESRAD 
Version 5.61 was a relatively crude formulation based on a simple box model with first-order 
transfers of soil particles. The effect was likely to be an overestimate of the airborne radioactivity 
that could be as high as an order of magnitude for the uniformly contaminated sources that the 
model’s design envisioned. 

The developers of Version 5.82 of RESRAD have refined the estimate of the area factor with 
more realistic but somewhat more complicated assumptions (Chang et al. 1998). In our 
calculations, we avoided the RESRAD resuspension model altogether, replacing it by a model 

ion of-radioactivity. Themodel- 
also considers data from air monitoring in the early 1990s. approach has the advantage of 
calibrating the predictions to recent site-specific data. It requires the model predictions to agree as 
well as possible (in a least-squares sense) with a set of observations that are believed to be 
representative of contemporary conditions. It also provides some quantification of uncertainty in 
the predictions, given the assumptions about ground cover, meteorology, and spatial distribution 
of plutonium in the soil. To analyze resuspension after a fire, however, the approach has to be 
modified because the resuspension fluxes estimated from contemporary air monitoring data are 
influenced by the existing grass cover. 

The following sections give an overview of the models that support the inhalation pathway. 
Table 5-1 provides a summary of the parameters and results of resuspension fluxes that are 
estimated. It contains quantities that have not yet been introduced, but the reader may find it 

_ _  that . takes - - -  into account the spatial variation in the . - soilcong -- - -. 

useful to reference while reading Sections 5.1 through 5.3. 
-- 
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.1 Table 5-1. Summary of Parameters and Numeric Results for Resuspension Fluxes . .  

. .  . -  I , >: . .  . .  . .  
Reference 

. .  . .,.. I 

.. Estimate 
. .  

Quantity 
. ,Friction velocity u., Pocky Flats k u a l  average (m s-') 

. . . .  . . .  . . .  I 
. 

. .  . :  . 

. . .  
i 

. .  . .  . .  
, . .0.231 unqut @i (30 = O:O$ m) . I :, , 

Unvegetated soil (a = o.oi mj : . .  ' ..' . ' .  0.21 1 

, -Nevasla Test Site, 

y(wnsionless)  
n (mg m-2 s- 

. . '.Resuspension :_ . . ,  .flux - .  p q e t e r s  . . .  . . . . . .  !.. 

. .,. . .  . .  
. .  . . .  . ' .  , . .  

. . . .  4 . ' '  . . 1 . . . . . . .  ' :  . .  -- . . .  

. 1 .  

. . . .  . .  . . .  .-..:-Adjus&d total for conservatism . .  

.. . . . .  :.R&~D, Flats - effects of a prairie f i e  
. .  . .Range ofresuspension factors (m-') 

, . . . .  . ,  Conversion parameters 
' .  Thickness of soil layer available for 

: . .. . resuspension (m) 
- . $ .  Soil bulk density (g .~m-~)  . , 

' . ,. .: .Corresponding resuspension flux ratlge 
. . . . .  (mg m-2s-') 

0,732 Anspaugh et al(1975) 
2.09 
6.0 10-3 

5.38 x 10-~ . 

2% x 10-~ 

1.16 
3.03 
3.06 
4 

io4- 10-~ 

0.001 

1.3 
3.3 x i o 5  to 
3.3 x lo-' 

Logarithmic midpoint of flux range (mg m-* s-I) 3.3 x lo9 

Sehmel(l984) 

Geometric standard deviation 16 

I 
I 
I 

. 'I_ 5.1 Model of Resuspension and Atmospheric Transport 

i W e  assume that resuspension from the Rocky Flats site is predominantly wind-driven and 
passively moderated by the soil, topography, and ground cover. The view taken is of a steady- 
state condition of the ground and source and the effect of annually averaged winds. This 
assumption does not deny the existence of frequent transient contributions from vehicular traffk 
and human or wildlife activities that disturb the soil. Indeed, an important contributor to the 
spatial distribution of plutonium was the grading of the 903 Area in preparation for the asphalt 

as a whole and for the present and future times envisioned by the scenarios. Our assessment is not 
designed to account for these small-scale, localized agents that contribute to soil disturbances. 

surface that was laid down in 1969. But the effect of wind seems likely to be dominant for the site I 
I 

DRAFT Y i  



Task 5: Independent Calculation 5-3 

An empirical power function model of windd n material flux in a column of air, attributed 
to D.A. Gillette and J.H. Shinn, is I ... 

F = Fo (u* / U0)'+Y (5-1) 

(Anspaugh et al. 1975), where P is the predicted material flux (mg m-2 s-') at a reference height 
oefficient, u+ (m s-') is the friction velocity, and uo is the 

-' (so that the parenthesized ratio is dimensionless). The exponent term 
' ak usually determined from joint observations of F and u* . The 

ghness of the surface, the wind speed, and the atmospheric 
little with the height at which the wind speed is measured. 

el predicts the vertical flux of soil mass, which would not 
ations of radioactivity concentration in the surface soil. The 

vary from one site location to another, but we consider 

the 1990s, we estimated the parameters F, and y by 
e spatial distribution of plutonium in the soil on and 
itoring data for plutonium, measured at onsite and 
ars 1992 through 1994. The regression required the 

plutonium air concentrations predicted by the resuspension flux F , used with an atmospheric 
transport model, to agree as well as possible (in a least-squares sense) with the observations. The 
regression results may, thus, be viewed as a calibration of the model to site-specific data. The 
distribution of residuals (differences of predictions and observations) estimated by the regression 

e predictions. We discuss these matters further in 

The role of the ground cover at the site is not explicit in the model. In field studies that refer 
to the model of Equation (5-1), the soil is usually bare or sparsely vegetated (Anspaugh et al. 
1975). Langer (1991) makes a case for research that would support explicit representation of the 
grass in modeling deposition and resuspension. Such modeling might account for transfer of 
- radioactivity-from soil to-grass leaves by rain splash and the role of leaf motion in the wind in- 
reentraining the radioactivity. Our interpretation, however, considers such mechanisms to be in 
steady state at the scale of 1 year, and their effect is assumed implicit in the parameters of 
Equation (5-1). With this understanding, we apply this model to the Rocky Flats site with its 
contemporary grass cover. 

The predictions of the model of Equation (5-1) with the data from two locations cited by 
L Anspaugh et al. (1975) exceed those of the same model calibrated to the Rocky Flats site under 

contemporary conditions with the existing ground cover. In one case, based on data from the 
Nevada Test Site, the estimated resuspension flux (6.0 x mg m-2 s-') exceeds our estimate 
for Rocky Hats (2.76 x lo-' mg m-2 s-') by a factor of more than 200 (an annual average of the 
friction velocity u+ based on Rocky Flats meteorological data was used for the comparison). 

the estimate an average over the site and (as we discuss in Section 5.2) over time. 

- - 

However, a range of other observations reviewed by Sehmel(l984) suggests that higher material 
fluxes might prudently be included in uncertainty estimates for Rocky Flats for the case of a fire. 
Section 5.3 gives details of such a prairie fire. 
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. .  

. ' ' 5.2 Nonlinear Regression Based on Air Monitoring Data to Estimate _ .  - 
. . . . .  Resuspension Parameters- . .  . . .: . . .  

Plutonium .from the 903 Area has I been .unevenly dispersed over the site, and the soil 
particles to .which it is attached continue to be resuspended, which makes the plutonium available 
+for inhalati0n:Using .the interpolation model ofsoil contamination.described in Section 4 with the 
..soil flux model of .Equation (5-1) and an atmospheric transpoxt model, we.were. able to estimate 

' . , suggeited that ::*e- 

. .  

. .  

port ahd Diffusion Model 
.. . 1 . .. ... / . .  :-; : . .  - -heimodel of transport. ay? d&usion used for our calculations is the Gaussian plume for a 

& and ClemenG 1984). TheGaussian plume prediction for each combination of 
ptor pbints was multiplied by the source strength (i.e., the resuspension flux at 

ground . 'level . . . I  .. ih becquerels . .per.square meter per second) and by the differential area (in square 
h t e r s )  and integrated 'over the contaminated region. The process was repeated for each of 16 
'wind 'directions, 6 wind speeds, k d  6 atmospheric stability categories, and the results are 
averaged with weights fromthe meteorological,data for the site. The result is an estimate of the 
TW2% concentration in the air at ,the specified location. The procedure is summarized by the 

. .  . . 

. .  . .  ( I  ' 

quation . .  , .  

, . . .  . .  . .  . . .  I '  . ' 

. ,  . . .. . .  

*ijk . .  ( X ?  Y ,  z).= Fil, JJcs (6,.?)G& ( X I  Y ,  z;5,77, zo). d6dq  (5-2) 
R . .  - . '  . . ,: ' . .  . .  

. . .  . .  . . . . .  . . .  . . . .. , , . . . .. 

. .,where, ~~4 ( x ,  y ,  z )  is .the,. predicted annual average ajr concentration at easting . and northing 
coordinates , (x ,  y). ..and height z; above-*e ground. .The subscripts ijk. correspond, respectively, 
to wind speed.(6 discrek categories), wind direction (16 sectors), and atmospheric stability (6 
categories A-F). The subscripts -ik on the resuspension flux F reflect the dependence of the flux 
:on the friction velocity &.;which depends on wind speed and atmospheric'stability. The 
'concentration h~ soil at the source.point with easting and northing coordinates (5, q) is C, (6, q)  

. _. (becquerels . . .  . per . ',Glogram). . . . . . ' . :The symbol .Gok ( x ,  y, Z;i,q, zo) denotes the Gaussian plume 
.prediction'of ?"""p, (becquerels . .  per cubic meter) at (x ,  y, z )  corresponding to a unit flux (1 Bq 
. .  m-2 .S-l) at source lqcation (c, q) and height zo . (The parameter zo is the roughness height for 
the t e r r a  and'corresponds to the height above ground where the horizontal wind speed becomes 
zero. We use this height for a ground-level release, i.e., resuspension.) 

) in the formula of Quation (5-2) represents an addition of all point- 
source contributions throughout the contaminated region R, taking into account the varying level 

, .  

239+24opu 

. . .  .. ._,,. . 

The double integral ( 
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of .concentration in the soil and the location of the source relative to the receptor. If the wind 
tion is from the receptor toward the source point, the result is zero. If the wind is blowing 

-. 

om the source directly toward the receptor p eceptor concentration will vary ,wi 
source concentration and the distanc 

Equation (5-2) represents the c tor location ( x , y )  and height z for a 
single wind speed, wind direction, an spheric stability category, specified by the subscripts 
zjk . A meteorological joint frequency table for the Rocky Flats site, based on annual averages of 
bservations,, provides a relative frequency for each combination of these three factors, denoted 

by wok . The annual average concentration of 239+% in air at the receptor location is given by 

. 8 ,  

< >  

(5-3) 

where we assume that the weights are normalized so that the sum of wok over all i , j , and k is 

(5-3) 

where we assume that the weights are normalized so that the sum of wok over all i , j , and k is 

1: 
The point-source Gaussian plume model Gok used in our calculations was adapted primarily 

from the formulation used for the EPA’s ISC3 (Industrial Source Complex) short-term model for 
spheric advection qnd diffusion (EPA 1995). However, to account for material loss from the 

ume due to deposition, we used a sourcedepletion model similar to the scheme of Van der 
oyen (1968) ra@er than the somewhat more complicated surfacedepletion representation used 

_. in’ ISC3 (short-term).’The latter method is considered more realistic, but the extra effort needed to 
implement it and the possible increase in computer running time argued against it for this 
application. 

Note’that Lthe flux F in Equation (5-2) depends on the parameters Fo and y . The regression 
procedure for determining these parameters is discussed in Section 5.2.2. 

ression for Fo and y Using Onsite and Peripheral Air 

~- ~ 

. - A .  -. - - -  _ _  - _  
regression on the annual data-from 34-Smplers-of the S-series for the-years 
94. These data provided spatial and some temporal information about variation 

of the air concentrations of uw’Aopu resuspended from the soil on and near the site. We restricted 
attention to these samplers because of a common protocol and their extensive (although not 
omprehensive) coverage of the contaminated area. Beginning with the year 1992, the annual 

monitoring reports tabulated sufficient precision for the sampler data to permit us to distinguish 
among concentrations of similar magnitude. Previously, for example, O.OOO1 might be recorded 
for any value greater than or equal to O.ooOo5 and less than O.OOO15 (a factor of 3). Obtaining 
original data sheets might have permitted us to extend the record to take in additional years and 
samplers, but considerable data analysis would have been required for the numerous adjustments 
necessary to put all of the data on a credibly common basis. Moreover, there is no assurance that 
a coherent picture would have emerged. Corrections would have to account for different sampler 
characteristics and the longer-temp temporal trend in the soil concentrations of 

We used an index rn to identify the sampler location, and we wrote z(rn I F,, y )  for the 
predicted annual concentration at sampler m , given the values of the parameters Fo and y . For 

239’2% 
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the observed annual average &he at sampler i z  for year t . ( =  1992, 1993,-or '1994);we write 
ji& ;'(The.predictive'model is not a fiinction of the year.t .) The Ieast-sqGes problem associated 

. . . .  . . .  . . ' ? : .  with.the regression is to find Fo'ahd y'  such that ' . ' . . .  . .  I .  . , 

' !. . .  . .  
.1. 

. . .  . . . .  . . .  . . .  , . .  

. . . .  . ... . . . .  $54) . . .  . , .  : . S : = ~ ~ ~ ~ ~ . - 4 1 ~ ( m I F o I y ) l z  . . . . . .  1 , .  =a.*u.m, . . ; , . .  ... > . :  ... ~ . .  
. . .  . . . . .  . . . . . . . .  ., . . , .  ; . .  . rnIt . . : . 'i .., ! i ,  

I _  
. , , , .:' : :. . . 

. .  

... ,1994 . This problem is 
*.'.. L :.; . . . . . . .  . .  , , ~ . . .  . . . .  : . . .  

:where the summation is taken . .  o,ver m =I, 
monlinear'in . j  and link& in' F, . 

&d y = 
air concentration: 

. , , i '  ,, . .  I .  

. The logarithmic .residuals r+, = In zm, - z(tql Po, f )  corresponding to the solution Fo = Po 
of Equation (54) are used to esknpte a ,geometric.staudard . .  deviation for the predicted 

? '  . . 

. _ .  : .  . , .  

. .  

where M ='34 X 3 = 102 obseGations (two.hegre& of'freedom are subtracted for the estimation 
.of the two p h e t e r s  Fi .aid .y ). This geomebic standard deviation represents components of 
uncertain$ &s&ated with spatid variability'+(s&nplek . ,. . .  h ' different ' l&ations) and temporal 
variability (&uh averages for &fferent 'years). The akumptions underlying the regression treat 
the observations as if they include error distributions'that 'are identical and independent from 
location to location and from . . . .  year :. . .  to. year. Table 5-2. shows the sampler locations, the' observed 
annual average 'air concentrations of us+% fOr'1992-1'994;and the predictions based on the 
fitted model. Table 5-3 gives parameter estimates from the regression. 

The regression estimates the exponent of the flux model in Equation (5-1) as 1 + p = 1.44 

and the reference fl& as Po = 3.62~10 . mg m-' s-'. The residual geometric . .  skndard deviation 
estimated by the regression (Equation 5-5) is GSDdd = 3.03, which,' for 'a lognormal distribution, 
corresponds to a 95th to, 5Oth%.percentile, .mti 3.61.65 7 6.2. Figure 5-1 shows the predicted 

air ioncentr?tioni .plotted . . . . .  ,a&init, , . . . . . . .  th .: siivqtions for the: 3-series samplers at ROCQ 

_: - . ., 

. 
2.- ' 

. . / .  , . . .  . -  

. . .  
. . . . . . . .  . . .  . . .  . .  . .  Flats, . .  

. .  . . _  . , , ' . ,  , .  /.: - .  
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Table 5-2. Sampling Locations with Predicted and Observed Plutonium 
Air Concentrations 

~lutonium-239+240 in air (Bq m-3 
Observed 

Distance Angle 
Station oan) C) Predicted 1992 1993 1994 

S-03 0.996 321.0 1.764E-7 1.590E-7 1.23OE-7 7.03OE-8 
S-04 0.760 348.9 2.97 1E-7 2.34OE-7 4.74OE-7 6.07OE-7 
s-05 0.575 357.2 3.418E-7 9.93OE-7 1.32OE-6 2.5OOE-6 
S-06 0.356 30.6 1.47OE-6 9.23OE-6 2.89OE-6 1.97OE-6 
S-07 0.164 77.7 2.144E-5 7.170E-6 6.02OE-6 7.252E-6 
S-08 0.159 105.3 3.968E-5 1.85OE-5 1.3 1 OE-5 
S-09 0.163 140.2 1.106E-5 2.04OE-5 6.34OE-6 

I s-10 0.340 222.5 4.243E-7 2.69OE-7 1.82OE-7 
s-11 .713 243.9 
S-13 .140 25 8 .O 
S-14 .566 265.4 
S-16 q 1.265 297.6 8.752E-8 6.48OE-8 1.65OE-7 6.18OE-8 
S-17 0.594 214.7 2.2233-7 3.15OE-7 4.55OE-8 1.39OE-7 
s-18 0.154 264.8 1.184E-6 6.57OE-7 5.3OOE-7 5.91OE-7 
S-19 0.084 311.6 1.97 1E-6 1.22OE-6 8.88OE-7 5.07OE-7 
s-20 0.392 347.7 8.824E-7 6.36OE-7 ’ 7.77OE-7 2.89OE-7 
s-21 -0.864 . 20.8 I 2.377E-7 , I 2.34OE-7 2.93OE-7 2.96OE-7 
s-22 1.167 34.5 2.242E-7 2.38OE-7 3.08OE-7 2.78OE-7 
S-23 0.660 225 .o 1.587E-7 1.310E-7 1.39OE-7 6.29OE-8 
S-24 1.636 46.7 2.949E-7 1.34OE-7 1.08OE-7 5.250E-8 
S-25 0.592 334.9 2.563E-7 2.775E-6 7.95OE-6 1.21OE-6 
S-3 1 3.816 264.2 1.869E-8 2.7OOE-8 2.52OE-7 1.63OE-8 
S-32 291.6 2.736E-8 1.6708-8 2.48OE-8 3.7OOE-8 
s-33 314.3 2.766E-8 2.59OE-8 3.7OOE-8 3.33OE-8 

1.85OE-8 s-34 15.8 3.757E-8 2.7OOE-8 5.55OE-8 
s-35 3.171 47.8 1.405E-7 3.7OOE-8 2.7OOE-8 2.33OE-8 
S-36 2.697 61.4 8.688E-8 4.03OE-8 4.7OOE-8 2.89OE-8 
s-37 2.361 85.8 3.409E-7 8.7308-8 7.4OOE-8 8.33OE-8 
S-38 2.496 4.262E-7 6.070E-8 5.1OOE-7 7.4OOE-8 
s-39 3.672 .370E-8 4.000E-8 3.7OOE-8 

.530E-7--== 4.000E-8 3.7OOE-8---= .L-_-=7-- = 

s-41 .874 2.467E-8 3.4OOE-8 4.63OE-8 3.290E-8 
s-42 .019 1.22OE-8 6.18OE-8 1.39OE-7 1.37OE-8 
s-43 .839 237.5 1.1OOE-8 3.59OE-8 3.7OOE-8 4.51OE-7 

.._. - ., ~ 
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Figure 5-1. Model-predicted plutonium concentrations (becquerels per cubic meter) 
plotted against observations of 239e2% at the Rocky Flats S-series samplers. The units 
for both axes are becquerels per cubic meter. The line is the locus of points for which the - 
prediction equals the observed value. 

1. 

Table 5-3. Regression Parameter Esthates for Resuspension Flux 
Parameter Mean Standard deviation 

Exponent ( y + 1, dimensionless) 1.44 .0.588 
Reference flux ( Fo , mg m-' s-') 3.62 x lo4 . 2 . 9 2 ~ 1 0 ~  
Standard deviation of logarithmic residuals: 1.1 1 
Geometric standard deviation: 3.03 
Degrees of freedom: 100 
Correlation coefficient for y + 1 and Fo : 0.992 
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The regression summarized in Table 5-3 does not provide detailed information on the joint 
uncertainty distribution of Fo and ‘y, or more to the point, the distribution of the estimated flux 
F = FOuy’ from which air concentrations of resuspended dust and attached particles of u9+?Pu 

can be estimated for locations other than those of the air samplers. If the regression were linear in 
both parameters, standard assumptions and theory would indicate a bivariate normal distribution 
for the pair, but the marginal (individual) distributions are likely skewed. An approach that 
provides a quantitative estimate of the joint distribution is the bootstrap (Efron 1982; Efron and 
Tibshirani 1998). A bootstrap procedure treats the residuals of the standard regression as an 
empirical prototype of the distribution of errors, and one calculates distributions 
by repeated Monte Carlo sampling of this distribution with replacement. 

Figure 5-2 i s  based on such a bootstrap estimation procedure, in which the residuals were 
resampled with replacement loo0 times. The result of a resampling is a randomly perturbed 
version of the prototype distribution of residuals. At each Monte Carlo realization, the perturbed 
residual distribution was used to calculate a pondmg set of “observations,” and a new pair 
of parameters ( Fo , y ) was determined from uares method of Equation (5-4). Figure 
5-2, which plots Fo against the exponent l + y ,  at the two parameter estimates are 
highly correlated. Their relationship is represented b omial that was fitted to the 
data, although the fitted curve plays no role in our subsequent c 

The empirical distribution of the resuspension flux F (Equation 5-1), which is calculated 
from the bootstrap data using the annual average value of the friction velocity u* ,  is shown in 
Figure5-3. For any location ( x , y ) ,  the annual average air concentration of u9e% is 
approximately proportional to this flux distribution: 

ons. 

(5-6) 

The function G, which is based on the spatially integrated Gaussian plume, is a function of 
position and height and the spatial distribution Cs0, of u9+% in the soil. 

The distribution of x in Equation (5-6) corresponds to what might be interpreted as a 
theoretical long-term mean flux under steady-state conditions. But if we think of the location and 

uncertainty in the estimate of plutonium concentration at that location during that year. The 
missing component is supplied by the distribution of the residuals rmt- (Equation 5 - 3 ,  which 
represent the spatial and temporal vari 

=year as-being-chosen- at-random, -such -a distribution .does-not account for=all=components of=--==-= ---= 
- ---^ ---_-rl__ - - -~~ 

air concentration. 
._ 
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a Figure 5-2. Distribution of points (Exponent = 1 + y , Fo ) from the bootstrap regression 
of predicted air concentration on the sampler data. The units of the reference flux Fo are 

polynomial f(8) = co + c,8+ ~ 2 8 ’  + c 3 e 3 ,  with 0 = 1 + y and coefficie 

mg m-’ s-l, and the exponent l + y  is dimensionless. The fitted curve is the cubic 
\ 

co = 5.688~10-’, c1 = -6 .749~10-~ ,  c2 = 1.795x104, and c3 = 6.032~10T6. 
I 

It is useful to express the total uncertainty as a normalized factor that is multiplied by, any 

uncertainty described above (uncertainty in the estimate of a long-term and spatially averaged 

deterministically calculated air concentration of on or near the site. We assurpe this 
uncertainty factor is independent of position and time and that it expresses the two components of 

theoretical mean and short-term local variability about that mean). Finally, we increase the 
variance of this factor somewhat to compensate for a sample of convenience that may be 
inadequately representative. The product of two independently distributed random variables 
having the lognormal distribution pictured in Figure 5 4  and the one shown in Figure 5-3, 

geometric standard deviation 

i 
1 

1 
respectively, is lognormally distributed with geometric mean (GM) = 1 x 5.31 x lo-’ and I 

i 

GSD =ex~d( ln3 .03 )~  +(ln1.16)* =3.06 i (5-7) i 



Figure 5-3. Empirical cumulative distribution function of estimated soil flux (solid 
curve) with fitted lognormal distribution (dashed curve). The parameters of the lognormal 
distribution are geometric mean 5.31 x mg m-2 s-' and*geometric standard deviation 
1.16. The bootstrap median (5.38 x mg mw2 s-I) has been used as the reference value. 
This parameter is interpreted as the ground-level flux and mu 
height. 

sted for 'the l-m 

_ _ _  - - - ~ - - _-.__ - -~ -_ - - - - _  ___ _ _ _  ~- _ _  _ -  - -B Thus, the estimated uncertainty of the long-tennmean accounts for, lipl 
the composite uncertainty. This geometric standard deviation corresponds to a 95thl50t.h- 
percentile ratio of about 5.3. Increasing the geometric standard deviation to 4.0 I gives a 

autionary 
adjustment as a measure of conservatism in the calculations. 
distribution with 95thl50th-percentile ratio of approximately 

., : 2 :  

we now rewrite Equation (58) as . ,  

X ( X ,  y ,  Z) = qk * G(x, y ,  Z ;  Csoil) -8) 

where k = 5 . 3 8 ~ 1 0 "  mg m-' s-' is the median resuspension flux and q is the lognormal 
uncertainty factor just derived (geometric mean = 1, geometric standard deviation = 4). 
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Figure 5-4. Cumulative probability plot of predicted-to-observed ratios from the 
regression on the sampler data. The points represent the empirical distribution function of 
the P10 ratios based on the logarithmic residuals. The dashed curve is the lognormal 
distribution with geometric mean 1.00 and geometric standard deviation 3.02 (the 
parameters were estimated from the empirical distribution). This lognormal distribution 
was used as the major component of an uncertainty factor for airborne 239t% 

resuspended from the Rocky Flats site. 

In statistics textbooks, the kind of prediction that we have outlined is discussed in the 
context of prediction of a value for a new member of the population represented by the regression 
data. For simple linear regression, the exact formula for the standard error as a function of the 
independent variable can be worked out explicitly (Snedecor and Cochran 1967, Section 5.12). 
For multiple linear regression, Kendall and Stuart (1967) discusses confidence intervals for the 
expected value of the dependent variable and for a new observation, given aspecified value of the 
regressor vector (in this case, a particular sampling station and year). 

5.2.3 Adjusting the Estimated Flux for Activity Distribution and Sampler 
Efficiency 

The flux estimate in the previous section (geometric mean 5.38 x lo-' mg m-2 s-') is 
estimated as if the uN2% activity were uniformly distributed with respect to the mass of the soil 
particles and the sampler efficiency were 100%. But it is physically plausible that the 
radioactivity would be more nearly distributed according to particle surface area. Also, the 
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monitoring samplers would account for the plutonium with decreasing efficiency as aerodynamic 
diameter of the carrier particles increases. On the basis of assumptions given below, we estimate 
that the overall monitoring sampler efficiency for 23*2% attached to resuspended soil particles 
at Rocky Flats is about 80%. If we restrict consideration to particles of ae ynamic diameter less 
than 15 c~n, the efficiency is 93%. 

To arrive at such a conclusion, we must make some assumption about the distribution of 
aerodynamic diameters of the particle population. Following guidance summarized in NCRP 
Report No. 129 (NCRP 1999) from primary sources, we assume that the distribution of particle 
aerodynamic diameters is lognormal with geometric mean between 2 pm and 6 pm and geometric 
standard deviation 5 (distribution with respect to mass is assumed for this specification; we use 4 
pm for these calculations). Larger components are sometimes seen, but these components are 
considered transitory and are usually associated with sandy soils. Accordingly, we neglect them 
for this site. We assume further that the plutonium radioactivity is distributed acc 
surface areas of the particles. 

monitoring at Rocky Flats (Figure 5-5). These data are discussed by Rope et al. (1997). Using this 
efficiency curve and the foregoing assumptions, we may express the sampler efficiency as 

We have fitted an efficiency curve to data for high-volume samplers of the 

. .  

(5-9) 

where the physical particle diameter D (pm) is the variable of integration. The function E gives 
the sampler efficiency as a function of aerodynamic diameter f i D  ; the value p = 2.6 g cm-3 is 
a reasonable generic density for soil particles. The lognormal density function f, has physical 
geometric mean GM, that corresponds to the particle count. The conversion is 
GM, =GM, exp(-21n2 GSD) (Seinfeld 1986), where GM, is the physical geometric mean 
corresponding to distribution with respect to mass (or more accurately, volume). The geometric 

- standard . _. deviation is the same for both distributions. For particles in a restricted range, the 

diameter for the range. For example, for particles in the aerodynamic range of 0-15 we 
would use the value 15 /& = 9.3 Fm as the physical upper limit. As noted in the introductory 
paragraph, the efficiency when the total distribution is considered (infinite upper, limits) is 
E=0.80 .  When attention is restricted to the aerodynamic range 0-15 pm, the efficiency is 
E = 0.93. 

/ 0.80 = 
6.72 x lo-’ mg m-* s-’. Because of the role this quantity plays in the Gaussian model, however, it 
should be interpreted as a flux at ground level, rather than a flux at 1 m, which is a frequent 
reference height for experimental measurements. 

IimiG in &; integds of=Equation (5-9)-a@ %placed by the-maximum physical--’ - - -  - - - 

The adjustment of our median flux estimate for sampler efficiency is 5.38 x 
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Figure 5-5. Samplerefficiency curve fitted to data discussed by Rope et al. (1999). Some 
of the scatter in the plotted points is accounted for by different orientations of the device 
to the airflow. The function has the form E(D) = exp[- b(D - 511 (b. = 0.0563 p-') for 
aerodynamic diameter D 2 5 pm and E(D) = 1 otherwise. 

i 
We represent ground level with the roughness height, zo = 0.05 m, the value corresponding 

to uncut grass. This parameter is interpreted as the height at which the horizontal wind speed 
profile effectively reaches zero, given the surface texture that impedes the wind flow. We make 
use of the fact that the mass concentration of suspended particles as a function of the height z 
tends to follow a power function: 

I 
- 1 

Also, the flux F at any height is proportional to the mass concentration at that height: 

F ( z )  = - O . ~ P U * ~ ( Z )  (5-1 1) 

! (Anspaugh et al. 1975); the number 0.4 is the von K h m h  constant and u* is the friction 
velocity, which may be considered essentially independent of height. Equations (5-10) and (5-1 1) 
can be combined to derive an equation for the flux at 1 m in terms of the ground-level value at a: 

16 DRAFT 
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F(1) = F(zo)z iP  . (5-12) 

To use these equations to calculate the adjusted flux, it is first necessary to e 
exponent p. Anspaugh et al. (1975) reports estimates & the range p = -0.35 
average p = -0.3 and Equation (5-12), we estimate 

F(1)=6.72~10-~ X O . O ~ ~ - ~  =2 .76~10-~  mg m-2 s-l - (5-13) 
! 

We adopt the estimate of Equation (5-13), F(1) = 2.76 x mg m-2 s-l, as generic for the 
site average flux with contemporary grass cover. For plutonium predictions with the Gaussian 
transport model, however, we must return to the original ground-level flux of 5.38 x lo-' mg m-2 
s-I. We must also multiply the. predicted airborne radioactivity by the sampler efficiency. factor 
U0.93 for particles of aerodynamic diameter less than 15 pm because the data were not adjusted 
for sampler efficiency. Using this procedure for the location of the RAC resident rancher scenario 
(located 300 m [985 ft] east of the center of the 903 Area), we obtain 2.80 x 10-5 Bq m-3. For 
comparison, the 1992-1994 data for the samplers S-07, S-08, and S-09 have sample mean 1.25 x 

Bq m-3 and sample standard deviation 5.83 x lod Bq m-3 (both statistics were corrected for 
sampler efficiency). Each of these samplers is about 160 m (525 ft) from the center of the 903 
Area, with directions ranging from east to southeast (Table 5-2). This comparison is consistent 
with the regression's overprediction of most of the data for these three samplers (factors of 1.7 to 
3.6 for seven of the nine observations). 

5.3 Resuspension from Unvegetated Soil after a Fire 

If a fire should remove vegetation from large areas of the site, the bare soil would likely be 
subject to higher resuspension fluxes than those we have estimated for the uncut grass cover that 
grows on most of the site. However, existing data for resuspension factors span several orders of 
magnitude, and we have seen no information that credibly narrows this large uncertainty. 

a resuspension flux (6.0 x mg m-2 s-l) for sparsely vegetated soil that exceeds our estimate 
for Rocky Flats with its uncut grass (2.76 x lo-' mg m-2 s-') by a factor of more than 200. Other 
literature indicates both comparable and substantially larger fluxes. 

Sehmel(l984) reviewed resuspension factors and tabulated the results of numerous studies. 
A report, Sehmel and Orgill (1973), presented a range of lo4 to lo-' m-' for resuspension factors 
based on measurements at Rocky Flats in 1970 and early 1971; this was a time when much of the 
soil around the recently-paved 903 Area was likely in a disturbed condition. For total soil fluxes 
(assuming an infinite uniform source of available soil particles 1 mm thick), this translates into a 
range of 3.3 x mg m-2 
s-'), which we associate with bare soil, is about 120 times the median regression-based flux (2.76 
x lo-' mg m-2 s-'), corresponding to the existing ground cover and within a factor of 2 of the 
estimate for the Nevada Test Site (6.0 x mg m-2 s-l) based on parameters from Anspaugh et 
al. (1975). 

~ . -- - - -_ - . As we noted in Section 5.1, one of the data sets discussed by Anspaugh et al. ( __ 

to 0.33 mg m-2 s-I. The logarithmic midpoint of this range (3.3 x 

The foregoing conversion of resuspension factors to total fluxes made use of the equation 
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(5-14) 

. (Anspaugh et al. 1975), where R is the resuspension rate (s-I), p = -0.3 (Section 5.2.3), and 
ice = 0.21 1 m s-l, an annual average value for Rocky Flats assuming bare soil. Substituting these 
values in Equation (5-14) gives the value R = 2.53 x lo4 s-'. The volume V containing the 
particles (which we assumed to be 1 mm thick) is 10-37m3 m-2, and the soil bulk density is 
assumed to be pb  = 1.3 x lo9 mg m-3 (1.3 g ~ m - ~ ) .  Thus F = R V p ,  = 2.53 x lo4 s-' x m3 
m-* x 1.3 x lo9 mg m-3 = 3.3 x mg m-2 s-'. This quantity is obviously sensitive to the 
assumed thickness of the layer of soil available for resuspension. 
' mg m-2 s-' from Sehmel and Ora (1973) 
.and theGaussian atmospheric transport model, we estimated a total concentration in air 
-of 5.44 x Bq m-3 at the primary location of the resident rancher scenario (300 m [985 fi] east 
of the 903'Area). This estimate exceeds the median value for grass cover (2.80 x lo-' Bq m-3) by 
2 factor of about 200. In the calculation, we increased the geometric mean of the aerodynamic 
diameter distribution with respect to mass to 6 pm, retaining the geometric standard deviation 5 .  
.For this particle size distribution, we estimate that about 99% of the 23*% radioactivity is 
associated with particles of aerodynamic diameter less than 15 CM, and accordingly we make no 
' adjustment for respirable particles. 

Bq mS3 as the geometric mean of a lognormal 
3 distribution with geometric standard deviation 16 (2 orders of magnitude between the 50th and 
95th percentiles). This is consistent with the range of the tabulation given by Sehmel and Orgill 
(1973). The 5th percentile is about twice the median value for grass cover, which we have taken 
as the median of a lognormal distribution with geometric standard deviation 4. Thus, there is 
some overlap of the two 90% probability intervals (Figure 5-6). 

r <  

Using the logarithmic flux midpoint 3.3 x 

We have used the concentration 5.44 x 

, !  
I 
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Figure 5-6. Predicted concentration of ust2% in air at Rocky Flats for uncut grass and 
unvegetated soil in the wake of a hypothetical fire. The location is 300 m (985 ft) east of 
the center of the 903 Area. The percentiles of the uncertainty distributions are indicated 
in shaded type. The distributions are lognormal, with geometric means (50th percentiles) 
as shown and geometric standard deviations 4 and 16 for grass cover and unvegetated 
ground, respectively. 

5.4 Resuspension Parameters for the Scenarios 

Table 5-4 gives air concentrations for u*% at the principal scenario locations. These air 
concentrations correspond to the flux estimates derived in Sections 5.2 and 5.3, together with the 

---,distribution of F2% in soil that-is based on interpolation in site data (Section 4.1). Table 5-4 
shows the soil concentration at the principal location of each scenario, but we remind the reader 
that the estimate of air concentration due to resuspension depends on a wide spatial distribution in 
the soil and not only on the point value given in the table. 

= .- . 

Table 5-4. Plutonium-239+240 Air and Soil Concentrations for Rocky Flats Scenarios 
Air (Bq m-3) 

Distance Angle soil 
Scenario oun) (") Uncut grass Unvegetated soil (Bq kg-') 

Site workers 0.59 330 5.6 x 10-~ 9.9 x 10-~ 17 
Rancher, DOE resident, 0.30 90 2.8 x io-' 5.4 x 10-~ 8.9 x io3 

DOE recreational user 
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6. THE ROLE OF RESRAD 

culties applying RESRAD without modifications to the Rocky Flats site 
nuniform spatial distribution of 23*2% in soil on the site. Using 

resuspension modeling that takes this large variation into account, we estimated air-to-soil mass 
loading ratios (Le., air concentration divided by soil concentration at the same location) that vary 
by more than an 6f magnitude from one location to another. It is reasonable to apply 
RESRAD to the xternal models are first used to estimate a mass loading factor that is 
appropriate to the receptor location. It is also necessary to bypass the so-called urea factor that 
RESRAD calculates to acc r dilution of contaminated airborne dust by uncontaminated 
dust from greater distances. 1 of spatial distribution of 

t we have carried out. 
Although a beta test version of RESRAD 3.81 with Monte Carlo capabilities was available when 
the study began, we preferred to control RESRAD with scripts written in PERL. The script 
invoked the computational module RESMAIN3.EXE repeatedly using input files with randomly 

a factor is based on a simp1 
tamination in the soil than is required for the Rocky Flats sit 
We used Monte Carlo calculations for the uncertainty 

I ,  

led parameter values, extracted the desned results from the output, and stored them ror 
sequent analysis. Some experimenta6on with the special version of W R A D  indicated using 

'the Monte Carlo simulations was significantly slower than using the scripting method. Moreover, - -  

.the' scripting approach offered some substantial conveniences for preprocessing data that the 
special version of RESRAD could not. Figure 6-1 summarizes the control cycle implemented by 

, --n- . . ..r n-n- . . # -  . eacn m u  scnpc. we preparea a separate rEm scrrpr ror eacn scenano, ana a sample scnpc IS 

shown in Appendix A. 
RESRAD embodies its own approach to resuspension. The approach is generically 

defensible for the models described by Yu et al. (1993), but it needed to be adapted for 
application to the Rocky Flats site. RESRAD estimates the air concentration of radioactivity Ca 
(Bq m-3) as the product of a mass loading factor ML (kg m-3), an area factor AF (dimensionless), 
and the concentration C, of activity in surface soil (Bq kg-'): n 

Ca = C, x ML x AF . (6-1) 
- _  - - --1_ - - -. - -. . - - - - - _  

~ - -  
be es6kted k t& steady-statemass concentration of 

resuspended soil particles. If the source of the resuspended particles is effectively infinite and 
uniformly contaminated, then the air concentration is given by the product C, x ML in 
Equation (6-1), so that AF = 1. Otherwise, the area factor is intended to adjust for the effect of 
dilution of the air concentration by uncontaminated soil particles that are transported from beyond 
the c o n h a t e d  source region. It could be argued that other factors, such as variation of particle 
size distribution between the soil and the reference height, would also influence the area factor, 
but we accepted the =RAD interpretation for this discussion. 
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! 

. : .  . . .  

! 
I ' ' .  .-.Correlated set of . 

soil.concentrations 
for all nuclides . . distribubion file . 

\ 

I ' . .  

I . . . '  

. .  1 
. (  

I 

scriit with the I 
ther programs give a product ML x 
of plutonium in the soil.. Resulting 
& empirical distribution file for 

e of soil concentration values for 
239+%. 'For each such concentration,' the'calculated isotopic ratios are used to give a 
proportional set of concentrations of all the radionuclides. This set is combined'with each of a 

.su&ssion . . .. < . r  of Monte."Cyld , sqnples , . /  from the SAL empirical 'distribution file, yielding an 
egi.$cal distribution, of sums of ratios. The fraction of these sums of ratios that are greater than 1 

. . . is . :.. . the . . I  . .  estimate ,'!, .,.. , .: of,the . , .  probability . . .  of exceeding . .  the dose limit, given the soil concentration. 

To understand the meaning of a RESRAD area factor for resuspension, you must consider a 
balanced process of suspension and deposition of uniformly contaminated soil that occurs upwind 
from a receptor location where we were interested in the air concentration. If the upwind fetch 
,was infinite, we would anticipate a larger air concentration of radioactivity at the receptor point 
than would occur if the contaminated region were finite (which is what we assumed in 

s of WRAD). =RAD'S strategy is to estimate an air concentration that would 
ond to an infinite region and adjust it by a factor that represents the ratio of concentration 
the finite area divided by the concentration due to an infmite fetch. Of course, a value 

equal to this ratio must be derived in a roundabout way because the numerator of the ratio is the 
very concentration that we are trying to calculate. This ratio is called the area factor (AF) for 
resuspension. 

Before Version 5.75, RES- used an area factor that can be derived from a simple box 
model of the resuspension and deposition process (see, for example, Hanna et al. 1983, 
Chapter 9). If fi  is taken as the linear dimension of the contaminated region in the direction of 
the wind, where A is the area, the ratio defined in the previous paragraph can be shown to be 

, 1  

I 
i 

. .  

5' DRAFT 



Task 5: Independent Calculation I- 

a ; a. - - . .  . -  

F? m -  where DL is a dilution length that depends on the deposition velocity, the mean wind speed, and 
the miXing height (height of the atmospheric layer over which the concentration is averaged). 
RESRAD generically used a default value of 3 m for the dilution length, although it should be 
considered a highly variable parameter. Three is the geomepic mean of 0.03 and 250 m, indicated 
in the RESRAD documentation to correspond to surface roughness and the height of the stable 
planetary boundary layer, respectively (Chang et al. 1998). 

RAD consider a more refined approach, they have derived an 
area factor that considers d crosswind diffusion as represented by a Gaussian plume 
model, with gravitational settling estimated by Stokes’s law (using a tilted plume to account for 
depletion) and wet deposition using a scavenging model. These models introduce additional 
parameters, such as the size distribution of aerodynamic diameters (1 to 30 pm is the size range 
considered in studying @e variability of the area factor); particle density; rainfall rate; raindrop 
size; wind speed; and the dispersion coefficients py and (T, as functions of atmospheric stability 
and distance from the source. The point source of the Gaussian plume is integrated over the finite 
contaminated area, while the receptor is kept fmed at the midpoint of the downwind boundary. 
The corresponding concentration for an infinite area is obtained by increasing the area of the 

source region until the receptor concentration converges to a maximum value. 
eference values are assumed for some of the parameters, namely rainfall rate (100 cm yl); 

density (2.65 ,g. ~ m - ~ ) ;  atmospheric stability (Pasquill-Gifford class D, which typically 
occurs almost half of the time); and raindrop diameter (1 mm). The model is represented by a 

‘ 

In what the developers 

logistic regression curve, which was fitted to data generated by calculations for a grid of points in 
the parameter space. The function is 

U AF= 
1 + b ( f i ) C  

where A is the area of the contaminated zone and each of the parameters a, b, and c is a function 
‘of the particle diameter (p) and wind speed (m 5 1 ) .  The functional correspondence for a, b, and 

RESRADybut pafticle aerodynamic diameteT is not; - - 
-3  -- - __ 

~ 

The internal dose conversion factors for inhalation in the RESRAD database are based on activity 
median aerodynamic diameter 1 tun, and the RESRAD developers have frxed the particle size 

’ parameter at this value for the present. Chang et al. (1998) compares the old and new area factors 
(Equations 6-3 and 6-4, respectively) in a series of plots in their Figure 5 for values of the particle 
diameter-ranging from 1 to 30 p. Using the plot corresponding to 1 pm and the curve for wind 
‘speed = 5 m s-l (the average for the Denver area is about 4 m s-l), with a contaminated area of 
104 m2, the old factor exceeds the new by roughly a factor of 6. For 100 m2, the old area factor is 
more than’ 10 times the new one. Lower wind speeds correspond to lesser discrepancies, and 
higher wind speeds give larger ones. Larger areas correspond to better agreement between the 
two area factors. Figure 6-2 compares the old and new area factors for particle diameter 1 pm 
plotted against f i  for several values of the wind speed. 
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Side length of square area source (m) 

Figure 6-2. Compaiison of the old and new 'RESRAD area factors for particle size 1 pn, plotted 
against the side length of a square contaminated area. The new area factor is shown for several 
values of the wind speed. This figure was redrawn from Chang et al. (1998). 

Depending as it does on a uniform distribution of radioactivity over a contaminated region 
q d  the assumption of zero contamination outside the region, the RESRAD area factor was 
unsatisfactory for our approach to estimating soil action levels for the Rocky Flats site. However, 
because its meaning is instructive, we have given some background details in this section. 
:, For our application to the Rocky Flats site, we replaced the RESRAD product of the mass 
loading factor and area factor by -a comparable quantity that we calculated outside RESRAD. This 
quantity was calculated as the ratio of the plutonium air concentration (becquerels per cubic 
meter) and the plutonium soil concentration - +  (becquerels per kilogram) at the principal location of 
the scenario of interest. The air concentration of radioactivity was calculated with the area- 
integrated Gaussian plume model, using the Rocky Flats soil contamination model. The ratio may 
be thought of as an estimate of the product M L x  AF of an airdust concentration and a 
generalized area factor that accoyts for spatial variation of soil contamination in the source 
region. The product M L x  AF aveqge over wind directions, wind speeds, and 
stability factors, whereas the in f the RESRAD quantity considers only wind blowing 
across the contaminated fetch tow 

externally by the script program. By 
inputting for the mass loading parameter the value ML x AF / A F R ,  we caused RESRAD to 
perform the calculation with mass loading factor ML and area factor equal to AF. The scripting 
program managed the calculation of the factor AFR and the substitution into the input file. Thus, 
the results were independent of the RESRAD area factor A F R .  In this way, we adapted RESRAD 
to function as a module in a system that considered the extreme variation of soil concentrations of 
plutonium on the Rocky Flats site (Figure 6-1). 

We,also calculated the WR4D area factor 
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We note that the approach of the RESRAD developers for the area factor of Version 5.82 
might be interpreted (approximately) as a special case of the more general scheme we followed 

‘ for the Rocky Flats site. For applications conforming to the more restricted model structure 
addressed by RFSRAD, we believe the approach described by Chang et al. (1998) is theoretically 

The Monte Carlo simulations shown in Figure 6-1 produced a file of soil action levels for the 
plutonium, americium, and neptunium species of interest, one set for each Monte Carlo 
realization. To plot this information, we used a grid of values of soil concentrations. For 
each such soil concentration, we sampled the soil action level empirical file with replacement 
lo00 times, and for each sample, we combined the individual nuclide soil action levels that 

239t240pu value in a sum of ratios: 

s= -+...+- rN )ch-239+240 6-51 [ s& SAL, 

here the subscripts pointed to the different individual isotopes =‘Pu, =?’u, etc. and rl , . . . , rN 
were the isotope activity ratios relative to the reference concentration of =%?€’u. Thus, we had 
qCpu-u9+240 = concentration of nuclide i in the soil. The values SALI, . . ., S A L N  were the soil 
action levels for a single Monte Carlo realiition. The procedure generated a succession of sums 
of ratios, S(’) ,S(*) ,  ..., S@). The probability that the dose limit would be exceeded could be 
estimated as the number of sums of ratios that exceed 1, divided by the total number B. 
(However, we generally used interpolated values of cumulative probability rather than the 
discrete ratio.) The procedure was repeated for each grid value of Cpu-=%2ao. The results were 
then plotted for comparison of scenarios. 

Note that for americium, neptunium, and the shorter-lived plutonium isotopes, the isotope 
activity ratios rl , . . . , r, were specific to the time when the maximum dose would occur (Figure 
3-1). 
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ERATIONS IN.SELECTING A E 
TION LEVEL 

. .., 
In addition to the important calculational aspects of the RSAL, several other criteria 

influence the selection of a recommended RSAL. The RSAL selection process combines a 
number of important scienti d economic factors, not all ?f which are objective. It is 
important to weigh each aspect of the decision accordingly. Each criterion will have a different 
impact on the value recommend 
criteria include 

Identifying the limiting scenario 
The numerical value rec 

0 The impact of a prairie fire 
Institutional controls 
Probability of exceeding a dose limit 
Longevity of RSAL recommendations (how robust is the RSAL to change) 

e effect of time 

Risks to the public d 
Recommended dose limits vs. other comparable limits 
Risks associated with the prescribed dose limit 
Background plutonium levels in the environment 
Limits of detection of instrumentation 
Public acceptance of the results. 

0 

Other criteria include social, political, andeconomic factors that are outside the scope of our 
scientific work, yet their impact on the ultimately selected RSAL could be significant. We discuss 
each of these criterion below, listing, thos calculation and 
recommendation of an RSAL first and those that may impact the selection of-an RSAL but that 
were not part of our recommendation process second. In this report, we recommend an RSAL as 
specified in the scope of work, but the final decision ultimately lies in the hands of the 

at are directly related to 

- - -  - -stakeholders, DOE, and other state and federal authoritigs. Our approach and reco-endations 
.~ 

- -  
~ - _  . - -  ~ 

_ _  - ._ - ~ 

should be viewed as a tool for accomplishing the final selection of a scientifically defensible soil- 
action level that both protects the public and is regonable to adopt. criterion is Mportant to 

1.6 

consider in terms of how it might impact the RSAL. 
.In this .study, RSALs .are presented $in the form of a distribution for each of the scenarios 

addressed. Each scenario has a unique distribution of possible soil action levels (presented in 
picocuries per gram) as a function of the probability of exceeding the dose limit. A generic 
distribution is illustrated in Figure 7- 1 .?Each probability level corresponds to a ,distiqct soil action 
level. The probability value represents the probability of exceeding se limit; that is, at soil 
action level A (picocuries per gram), there is a 5% chance that the person identified by the 
scenario will exceed the dose represented by the soil action level. Alternately, there is a 95% 
chance that the dose limit for the soil action level will NOT be exceeded. When we speak of 
probability levels throughout the report, we speak in terms of the probability of exceeding the 
dose limit. 

DRAFT 
~~~ 

Risk Assessment Corporation 
"Setting fhe sfandard in environmental heam" 



7-2 Radionuclide Soil Action Level Independen Review 
Task 5:  Independent Calculation . I 

.., . 

. .  
. .  . .: 

, .., x '  i. .- . . .  . 

.is 

I 
. .  

i I 
i 

1 .( : 
soil Action Level pci g') ,-b 

I . ,  e ,  

Figure 7-1. Generic distribution showing the relationship between probabil 
dose limit as a function of soil action level. As the RSAL increases, so do I exceeding the dose limit. I .  

L 

I 
i 7.1 Criteria Considered in RAC's Calculation and Recommendation of an RSAL 

~- 
7.1.1 Identifying the Limiting Scenario 

Although it is important to consider a number of scenarios in the calculations, .only one 
scenario can ultimately be used as the basis for recommending an RSAL. This is.the limiting 
scenario, which represents someone who is subject to the greatest dose from radionuclides in soils 
at the RFF'. Therefore, the limiting scenario results in the lowest RSAL. The limiting.scenario 
must also be plausible, and so the care taken to select scenario parameters is now evident, as we 
have a series of scenarios with realistic characteristics from which to idenm the limiting 
scenario. . .  

7.1.2 The Recommended Numerical Value 

I 
I 

I 
i 

I .. 
We recommend that an RSAL contain no more than two significant digits, which adequately 

appropriately conveys the high degree of uncertainty associated with any methodology designed 
to derive soil action levels. Additionally, the RSAL should be rounded to the nearest multiple of 

7.1.3 The Impact of a Prairie Fire 

I 

I 
! 

represent the accuracy of the calculation. Assigning'no more 'than two significant digits 

10 (e.g., 20 pCi g-' instead of 23). 

I 
A potential prairie wildfire, although a low frequency event, is a real possibility that must be 

considered because of the impact that it could have on the resuspension of residual soils 
containing plutonium following cleanup. A prairie fire would significantly change the surface 
characteristics in the Rocky Flats environment and result in higher resuspension of plutonium and 

1 
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greater dose to the individuals characterized in the scenarios. RA 
an event in Section 5 in this report. Although the occurrence of 
infrequent over time, we must assume such an event will occur 

-take it into account in selecting a soil action level. 

_ .  

titutional .Controls 

ough we provide sev 
uld limit or prohibit the use of the site by the public in the future, it w 
orporate this concept into th 

oices of institutiond- control 
scen&os investigated. These controls co 

the long-term future use of the site. Decisions reg 
responsibility of stakeholders and parties responsible for the site. 

During our discussio 
public offsite following imp1 
assume that institutional c 
location a person could reside would be at Indian 
RSAL, that results from this scenario was calculated and is presented 

couraged to consider doses to the 

t at the eastern edge of the site. The 
r s  

report. 

7.1.5 Probability of Exceeding a Dose Limit 

To recommend a RSAL from the distribution we calculated, you must select a 
level that conveys a degree of confidence that the selected RSAL will not result in 
than the prescribed limit. Such a level will vary among individuals and reflect different social, 
political, economic, and scientific interests. RAC recommends that a 
5% and 10% be used for selecting the RSAL. This value reflects a come 
scientists. We recognize, however, that the probability level adopted by the> 
somewhat different and reflect other interests and concerns. 

7.1.6 Longevi ommendatiom- 
- - - - _ _  ~- 

The process of calculating RSALs is not an 
knowledge to make our calculations-knowledge will certainly improve in 
result of future changes and improvements in methods and data, some conside 
given to recommending an RSAL that is robust with time and not likely to result 
15 mrem y-' target dose limit. Although this concept cannot be accounted ford 
that selecting a probability level that provides a reasonable margin for error (i 
help to address this criterion. 
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. .  ~ . . . . . .  . .  _ _ .  

. . .  . . .  . .  . . _ .  . .  
7.1.7 The Effect of Time 

. .  . .  
RAC evaluated the time.at which the maximum doses occur.-to ensure that the -limiting 

scenario had been identified for the different fadionuclides.(see Appendix D)1% .all eases, the 
maximum doses occur at early times. It was found that doses are proportional to the amount of 
activity present in the surface soil compartment. Depletion of activity from this coIhpartmentis a 
function of the water infiltration rate and the soil-water distribution coefficient (Kd). Plutonium 
has a high Kd, which retards its..movemerit from the surface soil and by themme token ksults in 

. long transit times ip the vadose zone. Consequently;.during the time&me:of interest, plutonium 
does not reach the aquifer and exposure via the groundwater pathway’is &ro..In cdntrast, uranium 
-has a relatively low, Ki, which results in higker leach rates i d ,  therefore, ‘mo@ rapid depletion of 

’ . the surface soil. .However, the dose that. results from &e groundwater *pathway ‘is ‘smaller’ t h h  
from the surface soil pathways. . .  .. . I. 

. . . .  .. . .  . *  , -  . , .  
.. 

. . . . .  . .  . . . .  . .  . .  , . .  

7.2 Criteria That Should Be Considered’in the FinakSelecti . .  

of an RSAL but Were Not Directly Considered.in.RAC’s Cal 
. . . .  . .  and Recommendation ofan WAL, ..::..:. . . . . .  .;. . :., L-;.  

. . . . . . . . . .  . . . . . . .  ’ ! .  . I -  

0; I 

I 

I 
I 

7.2.1 Cost of Cleanup 

The cost of cleanup was not considered in our selection of an RSAL. Weighing costs 
associated with achieving a recommended soil action level should be carefully considered and 
may ultimately affect the soil action level ultimately selected. 

7.2.2 Risks to the Public during Cleanup 

We have not considered the risks to the public from exposure they may receive during 
cleanup. It must be recognized that such risks may increase as the soil action level becomes more 
restrictive depending on the remediation techniques used and attention that is given to limiting 
releases to the environment offsite during the remediation process. 

7.23 Recommended Dose Limits vs. Other Comparable Limits 

As prescribed in the scope of work, the 15 mrem y-l dose limit is assigned as a limiting dose 
for unrestricted use of land by the public. This dose limit is somewhat less than the dose 
constraint of 100 mrem y-’ recommended by ICRP for annual exposures to the public (ICRP 

H, “National Emission Standards for Emissions of Radionuclides Other than Radon from 
Department of Energy Facilities” (EPA 1989). Although these values help to provide some 
perspective on the target dose that is the basis for the soil action level, they did not influence our 
recommendation of a soil action level. 

1991) and slightly greater than the 10 mrem y-’ dose constraint included in 40 CFR 61, Subpart 1 
I 

! 
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7.2.4 Risks Associated with the Prescribed Dose Limit 

We examined the risks associated with the prescribed dose limit assuming the exposure is 
primarily from inhalation of plutonium (see Appendix E). The lifetime risk from plutonium 
exposure at 15 mrem y-' for 70 years will be on the order of 1.6 X lo4, with an uncertainty range 
from about 3.7 x to 9 x 10" (2.5" to 97.5" percentiles of distribution). This analysis is based 
on recent work by Grogan et al. (1999). Although it is helpful to understand the risks associated 
with this level of exposure to plutonium and resulting dose, these risks were not factored into our 
decision of a soil action level. 

I 
i 
I 

7.2.5 Background Plutonium Levels in the Environment 

Plutonium background in Colorado has not been taken into account in this calculation of 
RSALs. Although plutonium background in the Rocky Flats area from sources not attributable to 
Rocky Flats is higher than that seen in other parts of the country (see Appendix C), the 
background levels (0.008-0.1 pCi g-') are still orders of magnitude smaller than RAC's 
recommended RSALs. Plutonium background did not impact RACs recommendation of an 
RSAL. 

7.2.6 Limits of Detection of Instrumentation 

The ability to detect plutonium contamination at a certain level could influence a decision 
about the RSAL. If the value is below a limit of detection, it is not possible to scientifically verify 
the cleanup level. Detection limits did not need to be considered in our recommendation of a 
RSAL, since the RAC recommended value is signifkantly higher than the limits of detection. 

7.2.7 Public Acceptance of the Results 

In selecting a RSAL, one factor stands out as possibly the most important for all 
stakeholders to consider. In a sense, it is scientific in that it is based on a level of calculated risk 
or dose.-On the other hand, it i s  asubjective ._ decision that may well be different for every 
individual. At what soil action level would you be willing to  move into the Sea and live on- 
property that has been remediated? Although this consideration has not been addressed in OUT 

analysis, it is one that must ultimately be taken into account before any final RSAL is established. 

-- - 
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This section displays the distributions for each scenario conside 
discussion is provided explaining the scenario, important pathway 
contributing to dose. Soil action levels for ,plutonium are pre 
scenarios are presented for uranium-based on the methodology p 
distribution is started on a new pag 

tudy. A 
nuclides 
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8.1 Scenario Distributions for Plutonium 

8.13 'Scenario DOE-1 

' Scenano proposed by: DOEEPNCDPHE Scenario name: Residential 
. r  

Some key scenario parameters: 
15 and 85 
8400 

Dose limit (mrem y-') 
Time on the site (h y-') 
Time indoors onsite (96) 100 
Breathing rate (m3 y-') 7000 

Irrigation rate (m y-'1 1 
Onsite drinking water source no 

soil ingestion (g y-'1 70 
Irrigation water source groundwater 

RSAL distribution resulting from RAC calculations: 

1 

0.9 

0.8 CI .- 
E 
A 
$ 0.7 

B 
0.6 

3 
0.5 

x w 
rc 
0 0.4 

0.1 

0 
c 

250 500 750 1000 1250 1500 
Pu Concentration (pCi g-l) 

1 Figure 8-1. Probability of the total dose exceeding the dose limit for the DOE/EPA/CDPHE 
resident scenario. Total dose includes all plutonium isotopes and their daughter products. 
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8.1.1.1 Summary. This scenario was part of the original RSAL calculation 
(DOEEPNCDPHE 1996) and reported RSALs of 1432 pCi g-' at the 85 mrem dose limit and 
252 pCi g-' at the 15 mrem dose limit for u ~ .  The RSALs presented here represent this same 
scenario calculated stochastically using. the methodology developed by RAC. Based on our 
calculation, the 1432 pCi g-' and 252 pCi g-' RSAL results in a .high probability that the dose 
limit would be exceeded. At the 10% level (90% probability. that the dose limit would not be 
exceeded), the RSALs are 170 pCi g-' for the 15 mrem dose limi pCi g-' at the 85 mrem 
dose limit. 

The breakdown of dose by nuclide and pathway is listed in Table 8-1. Soil ingestion 
accounts for 92% of the total dose, followed by inhalation (5%) and external exposure (3%). This 
differs substantially from the breakdown of dose by pathw d nuclide in DOFEPNCDPHE 
(1996), where, for =%.I, inhalation w k  the pathway of co These differences are attributed 
to several factors. First, the original calculation used ICRP Publication 30 dose conversion factors 
(DCFs), but we used the more recent ICRP Publication 72 DCFs. The ICRP 72 DCFs tend to be 
higher for ingestion and lower for inhalation. Second, the resuspension model used in the RAC 
calculation results in a lower concentration of plutonium in air for a given soil concentration than 
the original DOEEPAICDPHE calculation. Consequently, the relative importance of the 
inhalation pathway diminishes in our calculation. 

We should also note that our RSALs include the sum-of-ratios calculation whereas the 
DOEEPNCDPHE RSALs do not. Our RSALs for u~ include doses from all other plutonium 
isotopes and radioactive progeny. Isotopic ratios (Aanenson et al. 1999) form the basis for 
defining soil concentrations relative to concentration of =%I. Therefore, we would expect our 
RSALs to be somewhat lower than those reported in DOEIEPAICDPHE (1996). 

Table 8-1. Fraction of Dose by Pathway and Nuclide for the DOE/EPA/CDPHE Resident 
Scenario 

Fraction 
Nuclide Ground Inhalation Radon Plant Meat Milk Soil 
Am-241 0.016 0.0062 0 0 0 0 0.042 
Np-237- 0 -- 
h-238 0 0.0005 0 0 0 0 0.6698 - - -  

Pu-239 0.0014 0.031 0 0 0 0 0.68 
h-240 0.0001 0.0058 0 0 0 0 0.13 
h -24  1 0.017 0.0069 0 0 0 0 0.057 
Pu-242 0 0 0 0 0 0 0 
Total 0.034 0.050 0 0 0 0 0.92 

- _  

_. 
0 

r - _ _  - -  -_. - - 0 - - = . _ _  0 -0 -  - -- 0 = - 
-_ ~- 

8.1.13 Conclusions. This scenario provides a comparison of the methodology reported 
previously (DOE/EPA/CDPHE 1996) and the methodology developed specifically for this 
project. While the pathways of concern are different, the RSALs reported in DOEEPNCDPHE 
(1996) are included in the distributions presented here. This scenario is not a limiting scenario for 
the Rocky Flats site and, therefore, is not the basis for recommending an RSAL. 
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8.1.2 Scenario DOE-2 

~ 

' Scenario proposed by: DOWEPAKDPHE Scenario name: Open space 

f Some key scenario parameters: 
I Dose limit (mrem y-') 85 - 

125 Time on the site (h y-') 
= _  Time indoors onsite (96) 100 

Breathing rate (m3 y-') 175 ! 
.. . . Soil ingestion (g y-') 2.5 

I 
I 

I 

Irrigation water source not applicable 
not applicable , 

no 

. ... . . .  . .  
.. .. . . .  

. .  .. . 

,. , 

. I :  

. . .  
. .  

. .  . .  

. .  

. .  

I .- 
RSAL distribution resulting from RAC calculations: 

I 

h. v h " ,. " 3 

DOE Open Space User - 85 mrem limit - 85 mrem dose limit 

I I I I I I I I I  

9000 9500 10000 10500 11000 1 1500 12000 
Pu Concentration (pCi g-l) 

Figure 8-2. Probability of the total dose exceeding the 85 mrem dose limit for the 
DOEEPNCDPHE open space user scenario. Total dose includes all plutonium isotopes and their 
daughter products. 
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8.1.2.1 Summary. This scenario resulted in the highest (least restrictive) RSALs. It assumes 

that the site remains as open space and will not be developed in the future. The total dose was 
dominated by the external exposure (ground) pafhway (Table 8-2) followed by the soil ingestion 
pathway. This breakdown is similar to the breakdown of doses de t e rked  by DOEVEPNCDPHE 
(1996), except inhalation was more important in the DOEEPNCDPHE calculation. Like the 
DOEYEPNCDPHE resident, these differences are attributed to several factors that include dose 
conversion factors and resuspension. The ICRP Publication 72 DCFs that were used in our 
calculations tend to be higher for ingestion and lower for inhalation. The resuspension model 
used in our calculation results in a lower concentration of plutonium in air for a given soil 
concentration than the original DOEEPNCDPHE calculation. 

The DOEYEPNCDPHE RSALs for this scenario were reported for a 15 mrem dose limit. 
limit to our calculations results in RSALs at the 10% level (a 90% 

ility that the 15 mrem dose litbit will not be exceeded) for u% of 1700 pCi g-’. This 
compares to a value of 10,580 pCi g-’ calculated by DOEEPNCDPHE for the same 

plying the 15 mrem d 

We should also note that our RSALs include the sum-of-ratios calculation whereas the 
DOWPNCDPHE RSALs do not. Our RSALs for include doses from all other plutonium 
isotopes and radioactive progeny. Isotopic ratios (Aanenson et al. 1999) form the basis for 
defining soil concentrations relative to concentration of =%. Therefore, we would expect our 
RSALs to be somewhat lower than those reported in DOE/EPA/CDPHE (1996). 

Table 8-2. Fraction of Dose by Pathway and Nuclide for the DOE/EPA/CDPHE 
Open Space User Scenario 

Fraction 
Nuclide Ground Inhalation Radon Plant Meat Milk Soil 
Am-241 0.32 0.0015 0 0 0 0 0.014 
Np237 0 0 0 0 0 0 0 
Pu-238 0.0002 0.000 1 0 0 0 0 
Pu-239 0.027 0.0075 0 0 0 0 0.22 
Pu-240 0.0026 0.0014 0 0 0 0 0.04 1 

Pu-242 0 0 0 0 0 0 0 ’  
Total 0.69 0.012 0 0 0 ’ 0  0.30 

0.003 1 

- 
- mi-241- ‘0.34 7 - 0.0017--- - 0 = - o-. = ~ 0 - = 0 _ _  - O , O ! S  ~ ~ _. 

8.1.1.2 Conclusions. This scenario provides a comparison of the methodology reported 
previously by DOEEPNCDPHE (1996) and the methodology developed specifically for this 
project. While the pathways of concern are somewhat different, the RSALs reported in 
DOEVEPNCDPHE (1996) are included in the distributions presented here. This scenario is not a 
limiting scenario, for the Rocky Flats site and, therefore, is not the basis for recommending an 
RSAL. 
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100 1000 
Pu Concentration (pCi g-l) 

. i  . 
. . . . . . .  . . . .  

I 

I 

! 

10000 

Figure 8-3. Probability of the total dose exceeding the 85 mrem dose limit for the I 
D6EEPNCDPHE office worker scenario. Total dose includes all plutonium isotopes and their 
daughter products. 
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8.13.1 Summary. This scenario was part of the original RSAL cglculation 
(DOEEPNCDPHE 1996) and reported RSALs of 1088 pCi g-' at the 15 mrem dose limit and 
6200 pCi g.' at the 85 q e m  dose limit for d here represent this same 
scenario calculated stochastically using the methodology deve by RAC. Based on our 
calculation, the 6200 pCi g-' RSAL,results in ,a-high probability that the dose limit would be 
exceeded. At the 10% level (90% probability that the dose limit would npt be exceeded), RSALs 
are 620 pCi g-' for the 15 mrem dose limit and 3500 pCi g-' at the 85 mrem dose limit. 

Soil ingestion accounts for 91% of the total dose followed by external exposure (6%) and 
inhalation (3%). This differs substantially from the breakdown of dose by pathway and nuclide in 
DOEEPMCDPHE (1996), where for =%, inhalation was the pathway of concern. These 

rences are attributed to several factors that include the use of ICRP Publication 72 DCFs and 
suspension model used in our calculations. The original calculation used ICRP Publication 

30 DCFs, but our implementation used the recent ICRP Publication 72 DCFs. The ICRP 
ation 72 DCFs tend to be higher for ingestion and lower for inhalation. The resuspension 

model used in our calculation results in a lower concentration of plutonium in air for a given soil 
concentration than the original DOEEPNCDPHE calculation. Consequently, the relative 
importance of the inhalation pathway diminishes in our calculation. 

We should also note that our RSALs include the sum-of-ratios calculation whereas the 
DOEEPNCDPHE RSALs do not. Our RSALs for include doses from all other plutonium 
isotopes and radioactive progeny. Isotopic ratios reported in Aanenson et al. (1999) form the basis 
for defining soil concentrations relative to concentration of =%.I. Therefore, we would expect our 
RSALs to be somewhat lower than those reported in DOEEPNCDPHE (1996). 

. The RSALs p 

8.1.3.2 Conclusions. This scenario provides a comparison of the methodology reported in 
DOEEF'MCDPHE (1996) and the methodology developed specifically for this project. While the 
pathways of concern are somewhat different, the RSALs reported in DOEYEPNCDPHE (1996) 
are included in the distributions presented here. This scenario is not a limiting scenario for the 
Rocky Flats site and, therefore, is not the basis for recommending an RSAL. 
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Figure 8-4. Probability of the total dose exceeding the 15 mrem dose limit for the RAC rancher 
scenario not including the effect of a prairie fire. Total dose includes all plutonium isotopes and 
their daughter products. 
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8.1.4.1 Summ ere calculated Grtwo cases: one =that%onsidered the 

vegetation cover'currintly at the RkTS (Figure 8-4) and the other that considered conditions 
after a fire that burned off most of the vegetation and no longer provided stability to the surface 
soil (Figure 8-5). The ence of a. fire contributes to the most restrictive RSALs for the 
rancher. 

When the water pathways are on for this scenario, the dose in the no-fire situation is lower 
than the same situation with the water pathways off. This is because the assumed irrigation rate of 
1 m y-' results in a substantial increase in the removal of radionuclides from surface soil via 
leaching. Vadose zone transit times (the time it takes radionuclides to travel from the 
contaminated zone to the aquifer) depend on the distribution coefficient, but they typically were 
greater than loo0 years. Vadose zone travel times for radioactive progeny were in some cases 
shorter than'1000 years; however, doses were negligible compared to their parent doses. For the 
year of maximum dose (year 2000), no activity was estimated to have reached the groundwater, 
so there is no dose predicted from this pathway. Consequently, the most restrictive RSALs are 

Risk Assessment Corporation DRAFT "Sefting fhe standard in environmental health" 
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obtained when the water pathway is not considered in the calculation and radioactivity remains in 
the surface soil. 

For the fire scenario, results with the water pathway on and off are almost identical because 
doses are driven by inhalation of resuspended soil (see below). Note that the shape. of the 
distribution is different between the fue and no-fire scenarios. This difference is due to the 
relative importance of pathways for both scenarios. For the no-fire scenario (Table 8-3), soil and 
plant ingestion account for -90% of the total dose. For the fire scenario (Table 84), inhalation 
accounts for most of the dose. Soil &d plant ingestion are based on fixed parameters (soil 
ingestion rate, mass loading on plants, root uptake, and plant ingestion rate), while inhalation is 
dependent on the air concentration, which is considered stochastically in the calculation. 
Consequently, the distribution for the no-fire occurrence exhibits less variability compared to'the 
occurrence of fue because parameters treated stochastically only account for -4% of the toial 
dose. I 

Table 8-3. Fraction of Dose by Pathway and Nuclide for the Rancher Scenario without Fire 
(water pathways off) 

.- 

Fraction 
Nuclide Ground Inhalation Radon Plant Meat Milk -Soil 
Am-241 0.015 . -0.0044 0 0.057 0.0006 0 0.023 

Pu-238 0 0.0003 0 0.003 0.0004 0 O.Ob55 
Pu-239 0.0013 0.022 0 0.21 0.027 0.0002 0.39 
Pu-240 0.0001 0.0041 0 0.040 0.005 1 0 0.072 
PU-241 0.016 0.0049 0 0.065 0.001 1 0 0.032 
PU-242 0 0 0 0 0 0 0 
Total 0.033 0.036 0.00 0.38 0.035 0.0002 0.52 

Table 8-4. Fraction of Dose by Pathway and Nuclide for the Rancher Scenario with Fire 
(water pathways off) 

Nuclide Ground Inhalation Radon Plant Meat Milk Soil 
Am-241 0.0011 . 0.082. 0 . 0.0054 0 0 0.0017 
Np-237 0 0 0 . o  , o  0 0 
Pu-238 0 0.0091 0 0.0007 0 0 O.OOO6 
PU-239 O.OOO1 0.58 0 - 0.050 0.0031 0 0.a 
Pu-240 0 -0.1 1 0 0.0093 O.OOO6 0 0.0075 
PU-241 0.0012 0.092 0 0.0064 0.0001 0 0.0024 
PU-242 0 0 0 0 . o  , o  0 
Total 0.0024 0.87 0 0.072 0.0038 0 0.052 

Np237 0 0 0 0 0 0 0 ' *  

Fraction 

8.1.4.2 Conclusions. This scenario is a limiting scenario for the Rocky Flats site and is 
considered relevant in terms of defining a recommended RSAL. The fire scenario is the most 
restrictive case for this scenario. At the 10% level (a 90% probability that the 15 mrem dose limit 
will not be exceeded), the RSAL for "h is about 10 pCi g-'. 

bq DRAFT 
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8.1.5 Scenario RAG2 

Scenario proposed by: RAC Scenario name: Child of rancher (10 years old) 

Some key scenario parameters: 
15 
8760 

8600 
75 
groundwater 
1 

nsite groundwater 

Time on the site (h y-') 
Time indoors onsite (%) 75 
Breathing rate (m3 y-') 
soil ingestion (g y-'1 
Irrigation water source 
Irrigation rate (m y-'1 

RSAL distribution ra'ulting from RAC calculations: ' 

60 70 80 90 100 110 120 

Pu Concentration (pCi g-l) 
I Figure 8-6. Probability of the total dose exceeding the 15 mrem dose limit for the RAC child 

scenario not including the fire. Total dose includes all plutonium isotopes and their daughter I 

products. 

Risk Assessment Corporation DRAFT "Setting !he standard in environmental health" + 



i' 
I ! 

Task 5: Independent Calculation I 
8-12 Radionuclide Soil Action Level Independent Review 

- I  

a 
u) 
0 n 

' E  

E 

1 

0.9 

0.8 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

0 

' /  
. .  I 

0 10 20 30 40 50 60 70 80 90 100 

Figure 8-7. Probability of the total dose exceeding the 15 mrem dose limit for the RAC child 
scenario including the effects of a fire. Total dose includes aLl plutonium isotopes and their 
daughter products. 

Pu Concentration (pCi g-l) 

8.15.1 Summary. Like the rancher scenario, RSALs for the child scenario were calculated 
for two cases: one that considered the vegetation cover currently at the RFETS (Figure 8-6) and 
the other that considered conditions after a fire burned off most of the vegetation, compromising 
stability of the surface soil (Figure 8-7). The scenario including the effects of the fire yielded the 
most restrictive RSALs. 

When the water pathways are on for this scenario, the dose in the no-fire situation is lower 
than the same situation with the water pathways off. This is because the assumed irrigation rate of 
1 m y-' results in a substantial increase in the removal of radionuclides from surface soil via 
leaching. Vadose mne transit times (the time it takes radionuclides to travel from the 
contaminated mne to the aquifer) depend on the distribution coefficient, but they typically ,were 
greater than 1000 years. Vadose zone travel times for radioactive progeny were in some cases 
shorter than 1000 years; however, doses were negligible compared to their parent doses. For the 
year of maximum dose (year 2000), no activity was estimated to have reached the groundwater, 
so there is no dose predicted from this pathway. Consequently, the most restrictive RSALs are 
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obtained when the water pathway is not considered in the calculation and 
the surface soil. 

When the effects of the fire are cons the water pathway on 
and off are almost identical because dos suspended soil (see 
below). Note that the shape of the,distribution is different betyeen the fire and no-fire occurrence. 
This difference is due to the relative importance of pathways for both scenarios. When the fire is 
not included (Table 8-5), soil and plant ingestion-account for -90% of the total dose. When the 
fire is considered (Table 8 4 ) ,  inhalation accounts for 83% of the dose with the remainder made 
up by plant and soil ingestion. Soil and plant ingestion are:based on fixed parameters (soil 
ingestion rate, mass loading on plants, root uptake, and plant ingestion rate), while inhalation is 
dependent on the air concentration, which is considered stochastically in the calculation. 
Consequently, the distribution for the no-fire scenario exhibits less variability compared to the 
fire scenario because parameters treated stochastically only account for -3% of the total dose. 

d, the resulting dose 
driven by inhiat 

Table 8-5. Fraction of Dose by P 

Fraction 

I 

Fraction 

- - I  
0.0021 Am-241 0.0011 0.067 0 0.0029 o.Ooo1 0 ,  

PU-238 0 0.009 0 0.001 1 0 0 0.0007 
PU-239 o.Ooo1 0.58 0 0.078 0.0019 0 _ .  O.Op8 
Pu-240 0 0.11 0 0.015 O.OOO4 O J  . 0.0089 I 

Pu-24 1 0.0012 0.075 0 0.004 o.oO01 0 0.0028 
PU-242 0 0 0 0 0 0 0 
Total 0.0024 0.83 0 0.10 0.0025 0 0.06 

Np-237 0 0 0 0 0 0 0 A” 

\ -  . 

8.1.5.2 Conclusions. This scenario is a limiting scenario for the Rocky Flats site and is 
considered relevant in terms of defining a recomniended’RSAL. The fire scenario is the most 
restrictive case for this scenario. At the 10% level (a 90% probability that the 15 me-m dose limit 
will not be exceeded), the RSAL for %I is about 10 pCi g-’. 

I 
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. .  . .  . . . .  . . . . .  . . . . . . . . . .  . . . .  ' 1  . . . . .  . .  .'&1.6 Scenario MC-3 :. ',. .; . . , . . .  . .  

. . . . .  ,, . . . . . . . .  

. . .  
Scenario proposed by: RAC .Scenario:name: Infant of rancher (2 years old) 

. .  . . . . . .  . . .  . . . . . . .  . . . .  . . .  , .  . .  . . I ,  -.. . .  
I .  

. . .  . . .  . . .  
. (  . .  . .  Some key scenario padineten: . . . . . . . .  

.. . . .  . .  :?. I 1 5 . .  ,.. . . *  . .... . .  Dose limit (mrem y-') . ' . :  

' : . ' . . '  . ,:< . Time'on the site (h y-') . . : . . . .  
,. . - . .  ;. . . .Time indoors onsite (%) . . .  . .  

1 ' .  . . .  :.Breathing rate (m3,yT1) . . . . . . . .  1900 ' . j 1 :: . .  . .  

. .  . . .  Irrigation water.sogce . . .  . . .  .gropndwa&r ,: . 
. . . . . . . . . .  :Irrigation rate (m y~',) I,,... . .  .1 . . . . . .  

, . .Onsite . . .  drinking water Source, , . , gioqd water.. 

. . . . . . .  75..  ! '..,', ,. . I . . . .  : ,  , ;;<,. -.:. : Soil ingestion (giy?) : . . .  

. .  

. 5 .  . . . . . . . . . . . . . . .  >.-, 
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Figure 8-8. Probability of the total dose exceeding the 15 mrem dose limit for the RAC infant 
scenario not including the fire. Total dose includes all plutonium isotopes and their daughter 
products. 
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Figure 8-9. Probability of the total dose exceeding the 15 mrem dose limit for the RAC infant 
scenario including the fire. Total dose includes all plutonium isotopes +d their daughter 

8.1.6.1 Summary. Like the rancher scenario, RSALs for the infant scenario were calculated 
for two cases: one that considered the vegetation cover currently at the RFETS (Figure 8-8) and 
the other that considered conditions after a fire that burned off most of the vegetation, 
compromising stability of the surface soil (Figure 8-9). The fire scenario provided the I /  most 
restrictive RSALs. 

When the water pathways are on for this scenario, the dose in the no-fire situation is lower 
than the same situation with the water pathways off. This is because the assumed irrigation rate of 
1 m y-' results in a substantial increase in the removal of radionuclides from surface soil via 
leaching. Vadose zone transit times (the time it takes radionuclides to travel from the 
contaminated zone to the aquifer) depend on the distribution coefficient, but typically were 
greater than 1000 years. Vadose zone travel times for radioactive progeny were in some cases 
shorter than lo00 years; however, doses were negligible compared to their parent doses. For the 
year of maximum dose (year 2000), no activity was estimated to have reached the groundwater, 

4 DRAFT "setting the standard in environmental hea/t/f" 
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so there is no dose predicted from this pathway. Consequently, the most restrictive RSALs are 
obtained when the water pathway is not considered in the calculation, and radioactivity remains 
in the surface soil. 

When the fire is considered, the doses with the water pathway on and off are almost 
identical because doses are driven mainly by inhalation of resuspended soil. Note that the shape 
of the distribution is different depending on whether the frre is considered. This difference is due 
to the relative importance of pathways for both scenarios. When the fire is not considered 
(Table 8-8), soil ingestion accounts for >95% of the total dose. This result differs from .the 
rancher and child scenario where food product (milk, meat, and vegetables) ingestion made up a 
larger fraction of the total dose. For the infant scenario, food product doses only accounted for 
0.09% of the total dose. Inhalation accounts for 78% of the dose for the fire occurrence, with.the 
remainder made up by soil ingestion. Soil and plant ingestion are based on fixed parameters (soil 
ingestion rate, mass loading on plants, root uptake, and plant ingestion rate), while inhalation is 
dependent on the air concentration, which is considered stochastically in the calculation. 
Consequently, the distribution for the no-fire scenario exhibits less variability compared to the 
fire scenario because parameters treated stochastically only account for -1% of the total dose. 

Table 8-7. Fraction of Dose by Pathway and Nuclide for the Infant Scenario without Fire 
(water pathways off) 

Nuclide Ground Inhalation Radon Plant Meat Milk Soil 
Am-241 0.012 0.0013 0 0 0 0.0001 0.049 
Np-237 0 0 0 0 0 0 0 
Pu-238 0 0.0002 0 0 0 0 0.01 1 
Pu-239 0.001 0.0093 0 0 0 0.0006 0.71 
Pu-240 0.0001 0.0017 0 0 0 o.Ooo1 0.13 
Pu-24 1 0.013 0.0014 0 0 0 o.Ooo1 0.060 
Pu-242 0 0 0 0 0 0 0 

Fraction 

Total 0.027 0.014 0 0 0 0.0009 0.96 

Table 8-8. Fraction of Dose by Pathway and Nuclide for the Infant Scenario with Fire 
(water pathways off) 

Nuclide Ground Inhalation Radon Plant Meat Milk Soil 
Am-241 0.002 0.053 0 0 0 0 0.008 

Pu-238 0 0.0089 0 0 0 0 0.0025 
Pu-239 0.0002 0.55 0 0 0 0.0001 0.17 
Pu-240 0 0.10 0 0 0 0 0.03 
Pu-24 1 0.0022 0.059 0 0 0 0 0.0099 
Pu-242 0 0 0 0 0 0 0 
Total 0.0044 0.78 0 0 0 0.0001 0.22 

Fraction 

Np-237 0 0 0 0 0 0 0 
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8.1.6.2 Conclusions. This scenario is not a limiting scenario for the Rocly.Flats site but is 
considered relevant in terms of defining a recommended RSAL because it is just slightly less 
restrictive than the rancher or child scenario. the 10% level (a 90% 
probability that the 15 mrem dose limit will not be exceeded) the RSAL for 23h is about 

ing the fire scenqi 
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i 
I 

8.1.7 Scenario RAC-4 
, *  

Scenario proposed by: RAC Scenario name: Current site industrial worker 

Some key scenario parameters: 
Dose limit (mrem y-') 85 

Time indoors onsite (9%) 40 

Soil ingestion (g y-') 50 
Irrigation water source not applicable 
Irrigation rate (m y-l) not applicable 
Onsite drinking water source no 

Time on the site (h y-') 

Breathing rate (m3 y-') 3700 

2100 

MAL distribution resulting from RAC calculations: 

1 
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Figure 8-10. Probability of the total dose exceeding the 85 mrem dose limit for the RAC onsite 
worker scenario. Total dose includes all plutonium isotopes and their daughter products. 
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8.1.7.1 Summary. This scenario restricts the amount of time the receptor is onsite and 
ingestion pathways are limited to soil. Consequently, RSALs are considerably higher compared to 

e rancher, child, and infant ,scenarios. In addition, the dose limit for this scenario is set at 
5mrem, compared to the rancher, child, and infant scenarios set at 15 mrem. Doses are 
ominated by soil ingestion (68%), followed by inhalation (23%) and ex 

is scenario may be important if land use at the RFETS is restricted to in 
office space. Soil action levels at the 90% level are about 850 pCi g-' for an 85 mrem dose limit. 
This RSAL is considerably more restrictive than the 1100 pCi g-' RSAL proposed by 
DOEYEPNCDPHE for the office worker scenario (DOEEPNCDPHE 1996) at the 15 mrem dose 
limit, which equates to an RSAL of 6200 pCi g-' at the 85 mrem dose limit. 

8.1.7.2 Conclusions. This scenario is not a limiting scenario for the Rocky Flats site and, 
therefore, is not the basis for recommending an RSAL. It may be important as an interim level for 
restricted site use and while ownership remains with the DOE. 

. .  
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. .  
. .  . .  I %8.2 Scenario Distributions for .Uranium . - .  

.. . " .~~&'sei t ion prksents 'RSALS uranium isotopes.(n4~,  us^, 'ana n8 U) for three scenarios: the 
DOE resident,"the RAC raricher, and RAC childscenarios. The DOE resident scenario was chosen 
for'comp&son purposes bktween our methodology and that of DOE. The RAC rancher and child 
'scenarios were 'chosen because they resulted in the most restrictive ,RSALs for plutonium. The 
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Scenario name: Residential 

Some key scenario parameters: 
15 and 85 
8400 
100 
7000 
70 

site drinking water source no 

10 100 
2mU Concentration (pCi g-l) 

1000 

Figure 8-11. Probability of the total dose exceeding the dose limit for the DOE 
resident scenario. Total dose includes all uranium isotopes and their daughter 
products. 
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8.2.1.1Summary. This scenario was part of the original RSAL calculation 
(DOEEPNCDPHE 1996) and reported RSALs of 586 pCi g-' at the 85 mrem dose limit and 
103 pCi g-' at the 15 mrem'dose limit for ='U. The RSALs presented here.represent this same 
scenario calculated stochastically using the methodology developed by RAC. Based on our 
calculation, the 586 pCi g-' and 85.pCi g-' RSAL results in a low probability (-5%) that the dose 
limit would be exceeded. At the< 10% level (90% probability that the dose limit would not be 
exceeded), RSALs are -85 pCi g-' for the 15 mrem dose limit and -500 pCi g-' at the 85 mrem 
dose limit. 

The breakdown of dose by nuclide and pathway are listed in Table 8-9. The ground (surface 
exposure) pathway accounts for 91% of the total dose, followed by'plant ingestion (4%) and soil 
ingestion (2%). The pathway/dose breakdown in Table 8-9 dikers only slightly from the 
breakdown of dose by pathway andPuclide in DO 

L /  

DPHE (1996). 

I 

i 
1 

i 
i 

1 
. Table 8-9. Fraction of Dose by Pathway and Nuclide for the DOE Resident Scenario 

Nuclide Ground Inhalation Radon Plant Meat Milk Soil 
.- c . -Fraction 

0.0052 0 0.02 18 0 0 0.0086 
0.0003 0 0.001 1 0 0 0.0005 

0 0.008 1 0.0044 0 0.0206 0 
0.01 72 0.0099 0 0.0435 0 0 

A sigmfkant difference between the DOE methodology and our methodology was in the 
area of contamination assigned to uranium. The DOE methodology assumed the area of uranium 
contamination was the same as plutonium (40,000 m'). Our investigation indicated that uranium 
contamination was not as widespread as plutonium and was mainly limited to past disposal areas 
or burn pits. We, therefore, treated the uranium contamination as a hot spot and restricted its area 
to 100 m2. We should also note that our RSALs include the sum-of-ratios calculation, whereas the 
DOE RSALS do not. Our RSALs for "'U include doses from all other uranium isotopes and 
radioactive progeny. 

8.2.1.1 Conclusions. This scenario provides a comparison of the methodology reported in 
DOEEPNCDPHE (1996) and our methodology developed specifically for this project. The 
RSALs reported in DOEEPNCDPHE (1996) are enveloped by the distributions presented here. 
This scenario is not a limiting scenario for the Rocky Flats site and, therefore, is not the basis for 
recommending an RSAL. 
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. . . .  ..Scenario proposed by: RAC ' '' ' Scenario name: Resident rancher.. , ,  . '. .:. '; 

. . . . . .  . . . .  
. .  

. .  

. . .  

, . .  . .  . .  . .  
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. . .  
. .  

Some key scenario parameters: . .  

. .  

. .  
. . . .  . . . . .  . . . .  . . . . .  . .;Dose limit (mrem y-') 

. . .  8760 : Time on the site (h y-') 
. .  15 . .  

. .  
. .  . .  

. .  
. .  

. .  

. .  

.RAC rancher scenario not including the'fire. Total dose includes all uranium 
. ' isotopes and their daughter products. 

. .  
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. .  

50 60 70 80 90 100 0 10 20 30 40 
all Concentration (pCi g-l) 

Figure 8-13. Probability of the total dose exceeding the 15 mrem dose limit for the 
RAC rancher scenario including the fire. Total dose includes all uranium isotopes 
and their daughter products. 

8.2.2.1 Summary. RSALs were calculated for two cases: one considered the vegetation 
cover currently at the RFETS (Figure 8-12) and the other considered conditions after a fire where 
most of the vegetation had been burnt off and no longer provided stability to the surface soil 
(Figure 8-13). The fire scenario provided the most restrictive RSALs. 

The no-fire case with the water pathways on results in slightly higher doses than with the 
water pathways off. When the water pathways are turned on, a 1 m y-l irrigation rate is used and 
results in a substantial increase in the removal of radionuclides from surface soil via leaching. 
However, unlike plutonium, vadose zone transit times (the time it takes radionuclides to travel 
from the contaminated zone to the aquifer) were typically less than 500 years for uranium 
isotopes. Consequently, total dose as a function of time typically had two peaks: one at year 2000 
(the start time of the simulation) and one around year 2500 and after uranium isotopes were in the 
aquifer. At the 10% level (a 90% probability &at the 15 mrem dose limit will not be exceeded), 
the RSAL for 238U in the no-fire case with the water pathway on is about 70 pCi g-' and 
75 pCi g-' with the water pathway off. 

For the case involving the fire, results with the water pathway on and off are almost identical 
because doses are driven by inhalation of resuspended soil. We have only shown the case with the 
water off. Note that the shape of the distribution is different between the fire and no-fire cases. 
This difference is due to the relative importance of pathways for both cases. For the no-fire case 
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(Table 8-10), ground exposure accounts for 65% of the total dose. 
(Table 8-1 l), inhalation accounts for most of the dose. Soil and plant ingestio 
parameters (soil ingestion rate, mas 
while inhalation is dependent on th 
calculation. Consequently, the dis 
compared to the fue scenario because p 
the total dose. 

astically .only account for 1% of 

Table 8-10. Fraction of Dose by Pathway and Nuclide for the Rancher Scenario without 
Fire (water pathways off,) 

>Fraction 
I 
I 

~ 

U-235 0.161 0.0003 0 0.0058 o.Ooo9 0.0019 0.0004 I 

U-238 0.4842 0.0048 0 0.0339 0.0074 I 

Total 0.6468 0.0107 0 7 17 0.0156 

Table 8-11. Fraction of Dose by Pathway and Nuclide for the Rancher Scenario with Fire 
(water pathways of€) 

I 

I 

Fraction 
Nuclide Ground Inhalation Radon Plant Meat Milk soil 
U-234 0.0002 0.4521 0 0.02 1 1 0.0024 0.0048 0.001 
U-235 0.0204 0.0228 0 0.0011 0.0001 0.0003 0.000 1 I 

I 
I 

U-238 0.0614 0.3846 0 0.0199 0.0023 0.0046 0.0009 
Total 0.082 0.8595 0 0.0421 0.0048 0.0097 0.002 

8.23.2 Conclusions. This scenario is a limiting scenario for the Rocky Flats site and, 
therefore, is considered relevant in terms of defining the RSAL to implement. The fire scenario is 
the most restrictive case for this scenario. At the 10% level (a 90% probability that the 15 mrem 

_. 

~ -- - - - dose limit will rwf be exceeded), the RSAL for 238U is about 25 pCi g-'. - - - ._ - - _ _  

. .  , _  . .  . 

, _  :.* . a  ' . . . . . . .  . .  
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. . .  . .  

DRAFT Risk Assessment corporation 
"Settfng the standard in environmental health" 



. . _. 

- .. . . .  

.- 

8-26 Radionuclide Soil Action Level Independent Review 
- .  Task 5: Independent Calculation 

. .  
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' S C ~ M ~ ~ O  prop&& by: RAC ' 'Scenario'n.kme: Child . .  of iaricher (10 years old) ..: 
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. - ., : Some key scenaAo:paranheters: -' . . 
. . .  . . . . . .  , . :  , . . L , ,. :: .. ..15 . . . .  . ,  I . . .  .. 

' ''Dose limit.(mm i - 1 )  . 1 .  2 .  , ' .  . . .  
. 1 . .  . .Time on the site (h y-') 8760 . , . . . . . . . .  

Time indoors onsite (%) 
. .  

. . . . .  ':Breathingrate (m?y-') ;.::v . .  

. . ~oilingestion.(gy-':): . ,,:..: ';- '7.- . . .  . . .  . . I . .  _._ ._ - .  
... otapplicable . . . . . . .  .. Irrigation ..... I. water-source . . ~ ._ .. , _  

. . .  ~. .'. , .. Irrigation (m,y-*) ., . 3 .  

. .  . 
. . . . . .  I -  . .Onsite dtinking water.sotirce 

. . . . .  .. .... . . _ : e  ' , 

. .  
. :  , 

> : ,  . . /  . .  , 

. . . .  . .'! : .  . .  .:. I 
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. . . . .  . . . . .  . . . . . . . . . .  . .  . . : . . ,  _ _ .  
.:,RSAL distribution resulting from RpC calculations: " 

. . .  . .  
. . , . .  , -  . I  . 

. I .  . 1 .  ' . . ._. . .  - 
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Figure 8-14. Probability of the total dose exceeding the 15 mrem dose limit for the 
RAC child scenario not including the fiie. .Total dose includes all uranium isotopes 
and their daughter products. 
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Figure 8-15. Probability of the total dose exceeding the 15 mrem dose limit for the 
RAC child scenario including the fire. Total dose includes all uranium isotopes and 
their daughter products. 

8.23.1 Summary. Like the rancher 0, RSALs were calculated for two cases: one 
IWETS (Figure 8-14) and the other considered considered the vegetation cover currently, 

stability to the surface soil (Figure 8-1 
The no-fire case with the water pathways on results in slightly higher doses than with the 

water pathways off. When the water pathways are turned on, a 1 m y-' irrigation rate is used and 
results in a substantial increase in the removal of radionuclides from surface soil via leaching. 
However, unlike plutonium, vadose zone transit times (the time it takes radionuclides to travel 
from the contaminated zone to the aquifer) were typically were less than 500 years for uranium 
isotopes. Consequently, total dose as a function of time typically had two peaks; one at year 2000 
(the start time of the simulation) and one around year 2500 and after uranium isotopes were in the 
aquifer. At the 10% level (a 90% probability that the 15 mrem dose limit will not be exceeded), 
the RSAL for in the no-fire case with the water pathway on is about 60 pCi g-' and 
65 pCi g-' with the water pathway off. 

For the case involving the fire, results with the water pathway on and off are almost identical 
because doses are driven by inhalation of resuspended soil. We have only shown the case with the 
water off. Note that the shape of the distribution is different between the fire and no-fire cases. 

DRAFT 
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This difference is due to the relative importance of pathways for both cases. For the no-fire case 
(Table 8-12), ground exposure and ingestion pathways account for 99% of the total dose and 
inhalation accounts for 1%. For the fire scenario (Table 8-1 l), inhalation accounts for 73% of the 
dose. Soil and plant ingestion are based on fmed parameters (soil ingestion rate, mass loading on 
plants, root uptake, and plant ingestion rate), while inhalation is dependent on the air 
concentration, which is considered stochastically in the calculation. Consequently, the 
distribution for the case with no-fire exhibits less variability compared to the fire scenario 
because parameters treated stochastically only account for 1% of the total dose. . 

I 

a; 
I 
I 

i’ I 
Table 8-12. Fraction of Dose by Pathway and Nuclide for the Child Scenario without Fire 

(water pathways of€) 
Fraction 

I 
I 
I 

i 

Table 8-13. Fraction of Dose by Pathway and Nuclide for the Child Scenario with Fire 
(water pathways off) 

Fraction 
Nuclide Ground Inhalation Radon Plant Meat Milk soil 
U-234 0.0003 0.23 14 0 0.0449 0.0037 0.0217 0.0025 

o.Ooo1 U-235 0.0307 0.012 0 0.0024 0.0002 0.0012 
U-238 0.0922 0.4891 0 0.0416 0.0035 0.020 1 0.0024 

e 
Total 0.1232 0.7325 0 0.0889 0.0074 0.043 0.005 

I 8.2.3.2 Conclusions. This scenario is a limiting scenario for the Rocky Fats site and, 
therefore, is considered relevant in terms of defining the RSAL to implement. The fire scenario is 

1 
I 

the most restrictive case for this scenario. At $e 10% level (a 90% probability that the 15 mrem 
dose limit will not be exceeded), the RSAL for =*U is about 20 pCi g-’. ! 
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Based on the distributions of RSALS s 
an RSAL described in Section 7, RAC h 
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Figure 9-1. RAC rancher scenario including the effects of a prairie fire. This graphic also shows 
the impact of the water pathways on the outcome of the RAC calculation. 
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. .  . .  

RAC recommends 'that a probability level of between 5% and 10% be assumed to establish 
the MAL. This probability meaps that theF is only a 5% to,.lO% chance of exceeding the dose 
limit at the radionuclide concentration in soil associated'with that probability level. The RSAL for 
both s&narios ( S c e n ~ o  RACLl ,grid RAC-2) . . . . .  at.this probability level is between 8 ind 10 pCi 8'. 
Using .the rounding criterion and mainwig no more 'than two significant . . . . . .  "digit&'. 'RAC 
recommends a RSAL of 10'pCi 8'. 

Inclusion of the groundwater pathway has minimal .impact on the result of the 'calculation. 
Based on RAC's analysis.completed for Task 3 (Aanenson . . . . .  99), the soil-water equilibrium 
distribution coefficients . for plutonium and americium lhge. The .large distribution 
coefficient values kdicate that transport of such contaminants from the surface soil through to the 
groundwater aquifer i! s10.y ,yith;viry iittle making its . . . . . . . .  way to thi  aquifir. . . .  AS a resuit, the impact ' 
of the ground,water pathway . .  'onthe 'dose add . . .  the RSkL i s ' hhha l .  ' 

However, 'RAC stresses .that . .  the bound-water pathway is very .:,>-,. co . . .  ei,' 'id>its' ireatmept 
 within^ the RESRAD code 'is quite, simplistic and ihay not .'gdequately, 'address 'the ~ impact, of 
groundwater' over time. Future. research @to vadose&ne'~~spok . . : . -  proprties . . , . - .  .at.R&kl ... ,;.. Hats or 

' new discoveries about < : _ ,  . site-spe&c ' distribution . . . . . .  ,.- c&fficients' . . . .  'coul6 _ I . .  aff4t , these cdculations &id 
inay need to be taken into account.'k 'the event that contamin&ts are found to'move more .rapidly 
through the vadose mne and into the groundwater, RAC believes the impact on the recoqtnended 

. . . . . .  ,. 1 ._ ' . . ;  . . . . . .  .,. . .  I . >  I . .  

. , . . :.. , . . , *iC . . . . . .  .. .*I . . .  * . . ,  . . < .  . 

tz...<;,.. 

, '  .. ' ' 

' I  

RSAL would be minimal. Rapid transport via groundwater pathways would act to deplete surface 
contamination, and the increase in groundwater concentration would likely be offset by the 
decrease in surface soil concentration. Therefore, although changes in estimated transport of 
radionuclides through the groundwater may occur as better information is discovered, we believe 
these changes will likely not be great enough to cause the dose limit to be exceeded. Therefore, 
our recommendation for a soil action level of 10 pCi g-' seems to be a reasonable and robust 
number. 

It is important to consider the question of exposures offsite if institutional controls are 
imposed that prevent the public from using the land in the long-term future. In that case, the 
nearest resident could live to the east of the facility at Indiana Street. RAC calculated offsite dose 
to an individual living offsite from resuspended plutonium originating onsite. Figure 9-2 shows 
the probability distribution for this scenario. 

l 
I 

e 

The RSAL corresponding to the 5% to 10% level is approximately 30 pCi g-'. This offsite 
resident receives the majority of the total dose from resuspension and inhalation of contaminated 

assurance that the recommended RSAL of 10 pCi g-' will be protective in both situations-with 

i 
I 

soils, as well as deposition of those resuspended soils, making them available for ingestion. This 
relatively small difference in dose for the onsite and offsite residents provides some additional 

and without the loss of institutional control. 
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Figure 9-2. Distribution of probability of exceeding the 15 mrem annual dose limit for a resident 
living east of the Rocky Flats facility at Indiana Street. 
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9 2  Uranium WAL-Recommendations- -- -- . -= =- - rL7̂ -1-Lr ~ 

Using the alternate methodology for calculating a distribution of RSAL values for uranium 
described in Section 4.2, as well as the criteria for selecting an RSAL described in Section 7, RAC 
has developed a recommended RSAL for uranium. Uranium was treated in our calculations as a 
contaminant that exists in hot spots in the Rocky Flats environs. The limiting scenarios for this 
radionuclide were both the resident rancher and the child of the resident rancher. Because the 
distributions are quite similar, we present the resident rancher distribution, including the effect of 
a prairie fire, here as Figure 9-3. 
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Figure 9-3. Probability distribution for RAC resident rancher including the effects of a prairie 
fire. 

The recommended RSAL based on this distribution, at the 5% to 10% level, is 20 pCi g-I. 
The recommended RSAL at the 5% to 10% level for the child of a resident rancher is also 
2OpCig-I. Because the limiting scenario included the effects of the prairie fire, the water 
pathways did not impact the calculation significantly. The majority of the dose resulted from 
inhalation of resuspended contaminated material. 
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10. CONCLUSIONS 

RAC has presented the results of its independent assessment and calculation 
soil action levels at Rocky Flats. These results are presented as distributions of possible values for 
each of seven exposure scenarios. Each scenario specifies an annual limit for radiation dose to the 
receptor resulting from exposure to Rocky Flats radionuclides. We recommend RSAL values as 
those that have a 90%-95% probability on not exceeding the prescribed dose limit. Radionuclide 
soil action levels are presented for plutonium isotopes for seven .scenarios: the three DOE 
scenarios and the four RAC scenarios, and for uranium isotopes (*%, ='U, and =*U) for three 
scenarios: the DOE resident (DOE-l), ,the RAC rancher (RAC-l), and RAC child (RAC-2) 
scenarios. We also explain the scenarios, important pathways, &and radionuclides contributing to 
'dose. RAC recommends an RSAL for plutonium of ,lo pCi g-'. Thi 
scenarios for the Rocky Flats site, which are the rancher (RAC-1) an 
scenarios, and it assumes the Occurrence of a fire. For uranium, the RS 
the rancher and the child of the rancher'scenario. 

constraints and compromises. The requirement to use RESRAD (or another available"code, had 
we selected it) in the assessment has advantages and disadvantages. We benefited from the 
computational modules available in the program, particularly the decay chain calculations, which 
include a large database of radionuclide parameters. But we were limited by the model structures 
in RESRAD because of the constraints they impose on the simulations (scenarios) required to 
estimate maximum annual dose or soil action levels. We were able to bypass the RES- 
resuspension model and substitute a site-specific version (Section 6), but a great deal more work 
would be required to substitute more realism in the scenarios. For example, exposure 
subject to both the uranium hotspots and the widespread plutonium contamination would be 
difficult and awkward to accomplish and explain with an approach that necessarily includes 
RESRAD. 

On the whole, we believe soil action levels to be inadequate characterizations of potential 
exposure for a site such as Rocky Flats, particularly when complex and possibly open-ended 
scenarios are examined. We reemphasize this opinion and point out the following considerations: 

Soil action levels for Rocky Flats depend on the nonuniform distribution of radionuclides 
specified in the model. If RSALs are calculated for spatial distributions of radioactivity 
corresponding to different levels of remediation, the RSALs can differ. Which RSALs 

The approach to setting criteria for dose limitation 

0 

~ 

- _- - -  - - _ _  - ~- i___ should be considered definitive? - -- ~~ - - -  _ _ _  

The definition of a soil action level requires that the exposure environment be uniformly 
contaminated. But such uniformity is not the case for plutonium at Rocky Flats. The local 
air concentration at a fixed receptor location depends on soil contamination that varies 
over a (possibly) large and implicitly defined region. The size and shape of this region, 
and the value of the RSAL, vary with the location of the receptor. Thus, the RSAL is 
expressing a limit for some average of the soil contamination over this generally 

- _ _  - 

0 

unknown area. Compliance can be achieved by estimating the extent of the region and 
requiring that the RSAL not be exceeded anywhere within it. 

A more rigorous assessment would directly estimate maximum annual dose to each scenario 
su ject, with some refinements to the methodology. 1) Greater flexibility for specifying behavior 
of scenario subjects should be available. For example, it should be convenient to divide the 
rancher's time among the locations of maximum exposure to plutonium and one or more uranium 
hotspots. 2) Simulation of the effects of various remediation strategies should be possible. One 
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approach that seems reasonable is to set the plutonium concentration inside any concentration 
contour equal to the value at the contour and calculate the maximum dose to the subject on that 
basis (Figure 4-4). One might begin with inner contours and work outward until the maximum 
annual dose is below the limit for the scenario. If it should happen that at some point plutonium 
ceased to be limiting but that the subject's exposure to a uranium source was keeping the dose 
unacceptably high, the uranium concentration at the contributing source could be lowered 
incrementally until an acceptable level was found. 

If questions about remediation criteria persist, a computer-implemented model of the Rocky 
'Flats site could be constructed specifically for this kind of analysis. Such a program was created 
for uranium, thorium, radon, and other radionuclides the Fernald site (Killough et al. 1998), and 
that ,program permitted considerable flexibility in specifying scenarios. -A program for Rocky 
Flats should permit similar flexibility, but it would be quite different from the Fem'ald program 
because of the different radionuclides, sources, and pathways at the two sites. It is very important, 
however, that the mechanisms simulated in such a program should be calibrated, to the maximum 
extent possible, to site-specific or other plausibly relevant data (Section 5.2). The program should 
provide for uncertainty analysis, based on distributions of important parameters. 

If resuspension in the aftermath of a prairie fire remains the dominant exposure mechanism, 
consideration might be given to taking simultaneous meteorological and dustconcentration 
observations over burned fields in the general vicinity of Rocky Flats. Such experiments could be 
designed to estimate particle size distributions, with concentrations and fluxes at three or more 
heights. Control measurements upwind from the burned fetch would be useful in applying the 
results to the fire scenario at the Rocky Flats site. Existing analogs of resuspension from 
unvegetated soil include eroding agricultural fields in Texas and desert locations at the Nevada 
Test Site. Properly sited and designed, such experiments could substantially reduce the 
uncertainty in fire scenario predictions and would add important information to our scientific 
knowledge base. 

We have frequently referred to limitations of RESRAD in the context of the Rocky Flats 
site. We wish to emphasize that our intent is not to criticize RESR4D as a tool when it is used in 
accordance with its design. In our examination of RES- versions 5.61 and 5.82, including the 
source code of the computational portions of the earlier version, we found nothing to suggest that 
the program is flawed in its implementation of the models described in its manual (Yu et al. 
1993). The source code that we examined is cleanly written, well organized, and gives the 

' 

I 

I 

impression of having been produced in a professional manner with carefbl attention to detail. The 
revised area factor for RESRAD version 5.82 described by Chang et al. (1998) seems reasonable 
for a generic approach, and the developers point out that site specific air concentrations should be 
used when they are available. Our difficulty with RESRAD and similar programs lies with 
attempts to apply them to assessments in ways that exceed their design capabilities. 

This current report will be incorporated into the final comprehensive project report as one of 
the appendices showing the technical details of the work. The main body of the comprehensive 
report will be written for the public and will summarize RACs findings and recommendations. 
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APPENDIXA 

COMPUTATIONAL DETAILS 

This appendix illustrates the use 
script file that was used to invoke RES 

# racrnc.pl (RANC 

# PERL program fo 
# with the Rocky Flats radionuclides. 
#---------------------- 
# 
# Please note tha 
# setup. 
# The first state 
# the PERL file sample.pl. The var les SRESRAD-path and 
# the variable $Working-directory 
# must contain correct path representations to the RESRAD 5.82 
# directory and the user's working directory, respectively. 
# The working file indicated by the variable Sradfile 
# must reside in the user's working directory (the program will make 
# numerous substitutions in it). The files RFSAL.Bl, RFSAL.BIN, 
# RFSAL. D1, RFSAL . D34, RFSAL . D5, RFSAL . RN, and RFSAL. SF 
# packed with this script must be placed in the RESRAD 5.82 
# directory. 
# 
# Output files are $outdose = mcdose.prt and Soutsal = mcsal.prt 
# settings can be changed; see below). These files are written in the 
# working directory. They have headers that may need to be removed for 
# processing with other software for plotting histograms or computing 
# percentiles or other statistics. 

i 

I 

(these 

- .  .~ - -~ 

- -  -~ # The time of output if t on line 285-- -- - - - -= - L= =- -- -- ~ - I _ _  

# File sample.pl contains subroutines that help to 
# implement Monte Carlo sampling: 
require "c:\\rfpsal\\binfiles\\sample.pl"; 

srand(314159265); # set random number seed 

$RES RAD-pa t h = " \ \RES RAD " ; 
$Working-directory -= "\\rfpsal\\tas kS\\scenario\\RACRNC\\won"; 

#-------------------------------------------------------------------- 
# Parameters that will most often be changed for a given scenario 
#-------------------------------------------------------------------- 

# Year-2000 soil concentration distribution for Pu-239+240 (pCi gA(-l)) 

$Pu in soil - GM = 240; - -  
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. .  
$Pu-in-soil-GSD = 4 ;  

P' 

# Year-2000 air concentration distribution for Pu-293+240 (pCi mA(-3)) 

$Air-conc-Pu-GM = 7.6E-4; 
$Air-conc-Pu-GSD = 4.00; 

#-------------------------------------------------------------------- 
# Working files 
#-------------------------------------------------------------------- 
Sradfile = "mcres .rad"; # NAMELIST INDATA master file 
Sxxfile = "mcresxx.rad"; # copy of modified Sradfile to \resrad 
Soutdose = "c:\\rfpsal\\task5\\scenario\\racrnc\\won\\mcdose.prt"; 

# Soutdose is the output file for Monte Carlo dose results 
Soutsal = "c:\\rfpsal\\task5\\scenario\\racrnc\\won\\mcsal.da 

# Soutsal is the output file for-Monte Carlo SAL results 
Sdffile = "ADULT70.BIN"; # binary library for dose c 
factors 
Sdmpfile = "c:\\rfpsal\\task5\\scenario\\racrnc\\won\\outp~t.dmp~~; 

- . .  
< -  

# Sdmpfile is the dump file of sampled values - .  
open (DUMP, ">Sdmpf ile") ; ... . . 
#-------------------------------------------------------------------- 
# Set the nuinber of Monte Carlo realizations ... + -  

# if Snmc = 1, the median or mean will be used for any sampled 
# parameter (median for logarithmic distributions), mean for others. 
#-------------------------------------------------------------------- 

Snmc = 500; # number of Monte Carlo iterations (=1 for 
deterministic) 

$Title = "Resident Rancher (Adult), beginning 2000 with water pathways 
off"; 

# Set $Version to llold" or "new" to indicate which area factor 

$Version = "new"; 

# Annual dose limit 
$Dose - limit = 15; # mrem/year 

# Areas (mA2) 
$Area = 1E7; # Area of contaminated zone 
$Watershed-area = 8.28E6;# Watershed area for nearby.stream or pond 

#-------------------------------------------------------------------- 
# Pathways to be considered: set each indicator variable equal to 1 
# to include a pathway and to 0 to exclude it. 
#-------------------------------------------------------------------- 

# will be used (v. 5.61 or 5.82, respectively). ~. 

Si ground = 1; 
SiIinhalation = 1; 
Siglant = 1; 
Si-milk = 1; 
Si-meat = 1; 
Si-aquatic-food = 0; 
Si-drinking-water = 1; 

DRAFT 

. -  



A-3 

Si-soil-ingestion = 1; 
Si - radon = 0; 

# proportions of Pu and Am isotopes from Krey et al. 

#----------- 
# Soil data 

# the Bateman-type equation to 1971, then using the compute 
# Am-241:Pu-241 ratio and the given Pu-241 activity in 1971 
# to estimate Am-241 activity in 1971. 

# activities will be based on these values and the "true" Pu-239+240 
# soil concentration for the 199Os, from which the 1971 value is back 
# calculated, allowing for leaching. From this value, the remain' 
# initial values are computed. 

%ActNorm0 = ( "Pu238", 1.164El1, "Pu239", 5.901E12, "Pu240", 1.103E12, 
"Pu241", 2.255E13, "Pu242", 5.33037, "Am241", 5.458E11 ) ; 

# The actual initial values (pCi g"(-1)) will be calculated and 
# put into the following associative array by the program: 
%Act0 = ( "Pu238", 0, ?'Pu239", 0, '!Pu240", 0, "Pu241", "0, ~~"Pu242", 0, 

"Am241", 0) ; 

# Specific activities (pci gA(-l)) given for reference: 
#%SA = ( "Pu238", 1.714E13, "Pu239", 6.217E10, "Pu240", 2.279E11, 
# "Pu241", 1.030E14, "Pu242", 3.91939, "Am241", 3.433E12 ) ; 

i * =  -_ - _ _  -- --_ - - _L - -- - - --- - - - - - _ _ _ _  - _ _  - - ~ ~- - ~~ _ _  - __ . -- - - -~ ~ 

# Initial values: 
# 
# Pu-239+240 in soil distribution for the year 2000 
SPu-239-240-GM = $Pu-in-soil-GM;# geometric mean (pCi g"(-l)) 
SPu-239-240-GSD = $Pu - -  in soil - GSD; # geometric standard deviation 

# Uncertainty factor for 1971 Am-241:Pu-239+240 ratio 
$Am Pu-239-240-GM = 1; 
$Am~Pu-239-240-GSD = 1.27; # Using .13+/-.03 from Krey et al., 

# we estimate GSD = 1 + 13/3 = 1.27 

# Uncertainty factor distributions for Kd (cmA3/g) 
# partition coefficients for Pu, Am, and U 
# (treated as independent) : 
SKd-Pu-GM = 2 3 0 0 ;  
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A-4 Radionuclide Soil Action Level Independent Review I 
Task 5 : Independent Calculation 

1 
. I  

. .  

I . . .  
, . : I  

. .  

$Kd-Pu-GSD = 5.6; 
$Kd-Am-GM = 1800; 
$Kd Am-GSD = 8.1; 
$KdIU-GM = 2.3; 
$Kd-U-GSD = 5.4; 

# Uncertainty distribution (uniform) for total porosity: 
$eps-tot-min = 0.3; 
Seps-tot-max = 0.3; 

# Uncertainty distribution (uniform) for effective porosity: 
$eps - eff-min = 0.1; 

I 
I 

I - ._ 
Seps-eff-max = 0.1; I '  

$Hydraulic-conductivity = 44.5; . ,  # Hydraulic conductivity of the contaminated zone (m/y): I 
. .  

I 

# Contaminated zone b parameter: 
Sbgarameter = 10.4; t .  

# Uncertainty distribution (uniform)' for precipitation rate (m/y) : 
$Precip-min = 0.381; 1 
$Precip-max = 0.381; 

# Runoff coefficient 
$Runoff = 0.2; l 

I # Irrigation rate 
SIrrig = 1.0; # m y"(-1) 

# Soil bulk density 
$rho-b = 1.8; # g cmA(-3) 

$Delta z = 0.15; # thickness of contaminated zone (m) 
SMixinG-depth = 0.03; # depth of soil available for resuspension (m) 
$Erode-CZ = 0; # erosion rate of contaminated zone ( ~ ~ ( - 1 ) )  
$Root-zone = 0.9; # depth of root zone (m) 

$Dilution-length = 3; # mixing model parameter (m); 3 is RESRAD default 

i 
! 
I 

# for the old area factor computation ! 
1 

# Dietary intakes 
# DIET(1) -- Fruit, nonleafy vegetables, g r h  (kg y"(-1)) . 
# DIET(2) -- Leafy vegetables (kg y"(-1)) 
# DIET(3) -- Milk (L y"(-1)) 
# DIET(4) -- Meat and poultry (kg y"(-1)) I # DIET(5) -- Fish (kg y"(-1)) I 
# DIET(6) -- Other seafood (kg y"(-1)) 
@Diet = (190, 64, 110, 95, 0, 0); # annual intakes as indicated 

I 03 DRAFT 
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Draft Report _ _  

# Holdup times 
# STOR-T(l) -- Fruit, non-leafy veg:, grain (d) 
# STOR-T(2) -- Leafy veg. (d) 
# STOR T ( 3 )  -- Meat (d) 

# STOR-T(5) -- Fish (d) 
# STOR-T(G) -- Crustacea, mollusks (d) 
# STOR-T(7) -- Well water (d) 
# STOR-T(8) -- Surface water (d) 
# STOR-T(9) -- Livestock fodder (d) 
@Storage = (14, 1, 1, 20, 7, 7, 1, 1, 45); # holdup times as indicated 

# Fractions of water supply coming from g 
water) 
SFGW-DW = 1; 
SFGW-HH = 1; # Household water 3 

SFGW-LW = 1; 
SFGW-IR = 1; 

# Crop and forage parameter arrays 

# YV -- wet weight crop yields (kg m"(-2)) 
# YV(1) -- non-leafy veg. 
# YV(2) -- leafy veg. 
# YV(3) -- fodder 
@Yield = (0.7, 1.5, l.l);# crop yields as indicated 

# TE -- length of growing season (y) 
# TE(1) -- non-leafy veg. 
# TE(2) -- leafy veg. 
# TE(3) -- fodder 
@Growing-season = (0.17, 0.25, 0 . 0 8 ) ;  # growing seasons as indicated 

# TIV -- translocation factor 
# TIV(1) -- non-leafy veg. 
# TIV(2) -- leafy veg. 
# TIV(3) -- fodder 

# STORlT(4) -- Milk (d) , .  

# Drinking water 

# Livestock water 
# Irrigation water 

- @Transloc-fagtoy ==_CO.J, 1, 2 )  - ; # translocation factors a 
= _ -  - - - - -- - __ - _- - - -  ~ 

- -  
~ -~ ~ 

# RWET -- wet foliar interception fraction 
# RWET(1) -- non-leafy veg. 
# RWET(2) -- leafy veg. 
# RWET(3) -- fodder 
@Wet-intercept = (0.25, 0.25, 0.25); # wet fol. interception 
fractions as indicated 

# RDRY -- dry foliar interception fraction 
# RDRY(1) -- non-leafy veg. 
# RDRY(2) -- leafy veg. 
# RDRY(3) -- fodder 
@Dry-intercept = (0.25, 0.25, 0.25); # dry fol. interception 
fractions as indicated 

# Weathering constant for removal from plant surfaces (y"(-1)) 
SLambda-weathering = 20; 

DRAFT Risk Assessment Corporation 
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# Transfer parameters for soil-to-plant and feed-to-animal-product are 
# stored in a file in the \RESRAD directory (RFSAL.D34). 
# To use Monte Carlo methods to vary these parameters, 
# we have to rewrite these files at each 
# iteration. The values used seem to be Bq kg"(-1) 
# wet per Bq kgA(-l) dry soil. We vary the ones for 
# Am, Pu, and Np according to NCRP Publication 
# No. 129 Appendix D. 
# 
# NOTE: The Rnilk-GM value for Np in the RESRAD data base is 5E-6 d/kg; 
# NCRP Report No. 129 gives 1E-5 with GSD 2.0. We retain the RESRAD 
value 
%Biv-GM = ("Pu" => 1E-3, "Am" => 1E-3, "Np" => 0.02) ; 
%Biv GSD = ("Pu" => 2.5, "Am" => 2.5, "Np" => 2.5); 
%meat-GM = ("Pu" => 1E-4, "Np" => 1E-3); 
%Rneat-GSD = (rrP~" => 1.5, "Am" => 1.5, "Np" => 2.0); ' 

%hilk-GM = ("Pu" => 1E-6, "Am" => 2E-6, "Np" => 5E-6); 
%Fmilk-GSD = ("Pu" => 1.6, "Am" => 2.0, "Np" => 2.0); 
# Arrays for the sampled values 
%Biv = 0 ;  
%heat = ( 1  ; 
%milk = 0 ;  

"Am" => 5E-5, 

# Scenario parameters I 
#-------------------------------------------------------------------- 

# The following parameter controls the year for which the 
# soil action levels are computed (it must correspond to one of the 
# output times given below: 0 = 1971, 29 = 2000, etc.). 
# At present, 2000 and 2100 are the only options. 
$Scenario-date = 2000; 

.I 

I 
# Inhalation rate (mA3 yA (-1) ) 
$Inhalation-rate = 10800;# ICRP publication 23 

# Drinking water intake (L y A ( - 1 ) )  
SDW - intake = 730; 

# Soil ingestion rate (g ~ ~ ( - 1 ) )  
$Soil-ingestion-rate = 75; 

! 

I 
# Fractions of time spent indoors and outdoors I 

I 
i 

Sfrac-indoors = 0.6; 
Sfrac-outdoors = 0.4; 

# Days each year spent on site 

I 

$days-on-site = 365; 
I 
I # Building shielding factor for gamma rays 

$Gamma-shield-factor = ($frac - outdoors + Sfrac - indoors * 0.5) 
* $days - -  on site / 365; ! 

# Dust reduction factor for indoor air I' 

$Indoor-dust-factor = 0.7; 

' DRAFT PS 



Task 5: Independent Calculation . A-7 
Draft Report 

- -  - -  

# Intake rates by livestock for contaminated materials: ' 

$Fodder-meat = 68; # kg d"(-1) 
$Fodder-milk = 55; # kg d"(-l) 
$Water-meat = 0; # L d"(-l) 
$Water-milk = 0; # L d"(-l) 
$Livestock-soil = 0.5; # kg d" (-1) 

.. 

. .  

. .  

- .  
. . .  

# Contaminated fractions of food and water sources 
SCF-DW = 0; # drinking water , \  
SCF-HHW = 0; # household water 
SCF LW = 0; # livestock water 
SCF~IW = 0 ;  irrigation water 
SCF-AQ = 0; 
SCF-plant = l;# dietary vegetables 
SCF-meat = 1; 
SCF-milk = 1; # milk 

#------------------------------------------------------------ 
# Output times 
#----------------------------------------------------------- 

L .  

# aquatic food 

# dietary meat 

# Note: in file DIMENSON.DAT in the \RESFWD directory, 
# the variable NIY must be set equal to 5 
# for this arrangement to work. 
# T(1) = 0 ,  
# T(2) = 29, 
# T(3) = 129, 
# T(4) = 529, 
# T(5) = 1129, 
# T(6) = 0, 
# T(7) = 0, 
# T(8) = 0, 
# T(9) = 0, 
# T(10) = 0, 
@T = (0, 29, 129, 529, 1129, 0, 0, 0, 0, 0); # output 
after 1971) 

times (years 

# The parameters SaaO, SbbO, SccO are interpolated from Table 4 -of 
# ANL/EAD/TM-82, Evaluation of the Area Factor Used in the 
# RESRAD Code for the Estimation of Airborne Contaminant 
# Concentrations of Finite Area Sources. The interpolation 
# is for particle aerodynamic diameter 1 micrometer and 
# the value of $wind - speed given below. 

$WS-min = 3 . 7 ;  
SWS-max = 4.3; 
$Wind-speed = 0.5*($WS-min + $WS - max); # average wind speed for Denver 

# From Table 4 of ANL/EAD/TM-82 for particle diameter 1 micrometer: 
@WS tab = (1, 2, 5, 10); # tabulated wind speed (m/s) 
@aa-= (1.9005, 1.6819, 0.7837, 0.1846); 
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i 

I 
i 

#--------------------------------------------------------------- ! 
I 

i 

. _  

01 
@bb = (14.1136, 25.5076, 31.5283, 14.6689); 

SNtab = scalar @WS - tab; 

SaaO = linterp (SNtab, $Wind speed, \@WS-tab, \@aa) ; 
SbbO = linterp (SNtab, SWindIspeed, \@WS-tab, \ebb) ; 
SCCO = linterp (SNtab, $Wind-speed, \@WS-tab, \@cc) ; 

$New-area-factor = $aaO / (1.0 + $bbO * sqrt($Area)**$ccO); 
$Old-area-factor = sqrt ($Area) / (sqrt ($Area) +$Dilution length) ; 
# Note: $Dilution-length was specified above and has a default 
# value of 3.0 for the old methodology 

@CC = (-.2445, -.2278, -.2358, -.2627); 

# Save the current \RESRAD\DIMENSON.DAT file and substitute 
# a copy that works for this problem. 
#--------------------------------------------------------------- 
@Dimenson = ( )  ; 
open(DIMENSON, "<SRESRADgath\\dimenson.dat") I I die "Cannot open 
dimenson.dat for input"; 
while ($line = <DIMENSON>) I 
t 

I 
close DIMENSON; 
open ( DIMENSON, ">$RESRAD - path\\dimenson.dat") I I die "Cannot open 
dimenson. dat for output"; 
print DIMENSON <<END-DIMENSON; 

push @Dimenson, $line; 

e' 22 5 45 32 1 0 70 /NANUC,NIY,NPD,NPTS,NS,IHAFTIM,NPDS 
0 89 76 76 67 /NTAB(I,l),I=1,5 
125 89 76 76 67 /NTAB(I,2),1=1,5 

END-DIMENSON 
close DIMENSON; 

I 
#---------------------------------------------------------------------- 
# Copy the RFSAL.* library from the \RESRAD directory for temporary 
# storage in the working directory. These files contain dose conversion 
# factors, soil-to-plant transfer factors, and feed-to-animal transfer 
# factors. 
#---------------------------------------------------------------------- 
for Sext ("D34") # for now we just work with .D34, but we can 

# add other extensions if we want to do uncertainty 
# on dose conversion factors 

t 
system "copy SRESRAD-path\\RFSAL. Sext 

$Working-directory\\RFTMP . $ext >nul"; 
1 

open (OUTDOSE, ">$outdose") I I die llCannot open output file Soutdose"; 
print OUTDOSE "Scenario: $Title\n"; 
Stmp = ($Version eq "old") ?"5.61": "5.82"; 
print OUTDOSE "RESRAD version $tmp\n"; 
print OUTDOSE "Total Annual Dose (mrem/year) for dates indicated: \n"; 
printf OUTDOSE "%d\t%d\t%d\t%d\t%d\t%s\n", $T[01+1971, ST[lI t1971, 

I 

i 
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$T [ 2 I +197 1, ST [ 31 + 197 1, ST [ 4 ] +197 1, "Maximum" ; 
open (OUTSAL, ">Soutsal") I I die "Cannot open. output file Soutsal"; 
print OUTSAL "Scenario: STitle\n"; 
print OUTSAL "RESRAD version Stmp\n"; 
print OUTSAL 

print OUTSAL "Annual radiation dose limit: $Dose-limit (mrem/year)\n";' 
print OUTSAL "Effective year: $Scenario-date\n"; 

print OUTSAL "Pu-239 \tPu~240 \tPu-241 \tPu-242\n1'; 

"Soil action levels for Rocky Flats radionuclides (pCi/g) \n"; 

print OUTSAL "Am-241 \tNp-237 \tPu-238 \t"; 

#-------------------------------------------------------------------- 
# Monte Carlo loop 
#-------------------------------------------------------------------- 

for Simc (1 .. Snmc) 
{ . .  
RESTART : 

open(RADFILE, "<$radfile") I I die "Cannot open rad file"; 
open(XXFILE, ">$xxfile") I I die "Cannot open output file"; 

# Preliminary calculations 
# 
# (1) Estimate parameters related to leaching. 
# 
SPrecip = sample ("UNIFORM" , SPrecip-min, SPrecip-max) ; 

$eps eff = sample ("UNIFORM", Seps-ef f-min, Seps-eff-max) ; 
SepsItot = sample ("UNIFORM", Seps-tot-min, Seps-tot-max) ; 

# SPrecip is in m ~ ~ ( - 1 )  

# Seps-eff and Seps-tot are dimensionless 

# The following quantities are lognormal uncertainty 
# factors, with GM = 1, which multiply the nominal 
# estimates 
SKd-Pu = sample ("LNORM", SKd-Pu-GM, SKd-Pu-GSD) ; 
SKd-Am = sample ( "LNORM" , SKd-Am-GM, SKd-Am-GSD) ; 
$I = (1 - SEvap transp) * ( (1 - $Runoff) * SPrecip + SIrrig ) ;  

- . x  . - . - _  - _.. __ . -?  --- . _ ~ ~  - SRs- = (SI- / $Hydraulic-conductivity) =- - _  
**(1. /(2. * Sbgarameter + 3.)); 

$Leach-Pu = SI / ( $Delta z * Seps-tot * SRs 

print DUMP "Kd Pu: SKd-Pu in"; 
print DUMP "Kd Am: SKd-Am \n:'; 
print DUMP "Kd U: SKd U \n"; 

* (1 + SKd-Pu * $rho b / Seps-tot * $Rs) ) ;  

# (2) Initial values in-soil 
# 

# Sample the pCi g"(-l) of Pu-239+240 in the soil, using 
# the distribution parameters given above 
SPu-239-240 = sample ("LNORM", SPu_239_240_GM, SPu - - _  239 240 GSD) ; 

\& 

# Use Pu leaching rate to adjust this contemporary (year 2000) 
# value to 1971: 
SPu-239-240 *= exp(SLeach-Pu *.29.0); 

# Use the 1971 normalized activities to separate 
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# Pu-239 and Pu-240 . 

$Acto{ "Pu239") = $ActNormO{ "Pu239") / ( $ActNormO{ "Pu239") 
+ $ActNormO{ "Pu240") ) * $Pu-239-240; 

$Acto{ "PU240") = $Pu-239 - 240 - $Acto{ "Pu239"); 
. .  

# Sample the 1971 Am-241:Pu-239+240 ratio and use it with 
# the Pu-239+240 soil concentration to calculate the 
# Am-241 soil concentration in 1971. 
$ratio = sample("LNORM", $Am-Pu-239-24O-GMr $Am-Pu-239-240-GSD); 
$ActO{"Am241") = $ratio * $ActNormO{"Am241") 

/ ( SActNormOI "Pu239")+$ActNormO{"Pu2401') ) * $Pu-239-240; 

# Compute the 1971 Pu-241 soil concentration and make the 
# same random adjustment. 
$Acto( "Pu241") = $ratio * $ActNormO{ "Pu241") 

/ ( $ActNormO{ "P~239'~)+$ActNormO{ "Pu240") ) * $Pu-239-240; 

, # Now compute the initial values of the remaining Pu isotopes. 
$Acto{ "Pu238") = $ActNormO{ "Pu238") 

/ ( $ActNormO{ "Pu239")+$ActNormO{"Pu2401') ) * $Pu - 239-240; 
$ActO{"Pu242") = $ActNormO{ "Pu242"} 

/ ( $ActNormO{ "Pu239")+$ActNormO{ "Pu240") ) * $Pu - 239-240; 

# (3) Sample the user-supplied air concentration and soil 
# concentration for resuspension. 

do 
I 

$Air-conc = sample ( "LNORM", $Air-conc-Pu-GM, 
$Air-conc-Pu-GSD); # pCi m"(-3) 

.) until $Air-conc > 0 & &  $Air - conc < 1; 

# Here is where we trick RESRAD: 
$ML-fact = $Air-conc / $Pu in soil GM 

/ $New-area-factor; #-mg-m" (-3) 

# Possibly uncertain RESRAD parameters (pairwise independent). 
# First string is the variable name, exactly as it appears in the 
# RESRAD input file (Sradfile below). (As it turned out, this 
# array was used almost exclusively for sending constant values 
# to the RESRAD input.) 
@var = ( 

[ "-" , "CONST", $Area, 0 3 ,  
[ "WAREA", "CONST", $Watershed-area, 0 3 r 

[ "COVERO", "CONST", O r  O I ,  # Cover depth (m) 
[ "THICKO", "CONST", $Delta-z, 0 ] , # Thickness of contaminated 

[ "LCZPAQ", "CONST", 3000, 0 1, # Length (m) parallel to 

[ "HCCZ", "CONST", $Hydraulic-conductivity, 0 1 r 
[ "BCZ", "CONST", Sbgarameter, 0 1 ,  # "b parameter" for CZ 
[ "DENSAQ", "CONST", 1.8, 0 3 , # Density of saturated zone 

[ "TPSZ", "CONST", 0.3, 0 1, # Total porosity of SZ 
[ "EPSZ", "CONST", 0.1, 0 1, # Effective porosity of SZ 
[ "HCSZ", "CONST", 44.5, 0 3 ,  # Hydraulic conductivity of 

# zone (m) 

# aquifer flow 

# (g/cmA3) 

I 

! 
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-. . _. 
# sz 

[ "HGWT", '"CONST",' 0.15, 0 3 , # Hydraulic gradient of SZ 
[ "VWT", "CONST", 0, 0 1, . # Water table drop rate (m/y) 
[ "DWIBWT", '"CONST", 10, 0 1, # Well pump intake depth (m) 
[ " ~ "  , "CONST", 250, 0 3 ,  # Well pumping rate (mA3/y) 

M 'I, "CONST", 0 ,  0 1, # Nondispersion model of water 
"LM",' "CONST", $Dilution-length, 0 I, 

# transport 
[ "NS", "CONST", 1, 0 3 ,  # Number of layers in UZ 
[ "H(1) 'I, "CONST", 3, 0 3 ,  # Thickness of UZ (m) 

NSUZ(l)", "CONST", 1.8, 0 1, # Density of UZ 
I # (g/cmA3) 

[ "TPUZ (1) 'I, "CONST", 0.3, 0 3 ,  # Total porosity of UZ 
[ "EPUZ(1)", "CONST", 0.1, 0 1, # Effective porosity of 

[ "BUZ(l)", "CONST",' 10.4, 0 1, # "b parameter" for UZ 
# uz 

(1) i i ~ ~ ~ ~ ~ i i ;  44.5, o 1, Hydraulic 
r # conductivity of UZ 
[ "DM", "CONST", $Mixing-depth, 0 I ,  Depth of mixing layer (m) 
[ "WIND", "UNIFORM", SWS-min, $WS-maxl, # Wind speed (m/s) 
[ "DROOT", "CONST", $Root-zone, 0 3 ,  # Depth of root zone (m) 
[ "RI", "CONST", SIrrig, 0 3 ,  # Irrigation rate (m yA (-1) ) 
[ "IDITCH", "CONST", 0, 0 1, # Irrigation mode ( 0  for 

1 [ "RUNOFF", "CONST", $Runoff, 0 3 ,  # Runoff coefficient 
# overhead) 

[ rrVCZ", "CONST", $Erode-CZ, 0 I ,  # Erosion rate for 

[ "INHALR", "CONST", $Inhalation-rate, 0 1, 

[ "ED", "CONST", 30, 0 3 ,  # Exposure duration (y) 
[ "SHFl", "CONST", $Gamma-shield-factor, 0 3, 

[ "SHF3", "CONST", $Indoor-dust-factor, 01, 

[ "SOIL", "CONST", $Soil-ingestion-rate, 0 I ,  

[ "DWI", "CONST", $DW-intake, 0 1, # Drinking water intake 

# contaminated zone ( y " ( - 1 ) )  

# Inhalation rate (m"3 y"(-1)) 

# Building shielding for gamma rays 

# Dust reduction factor for indoors 

# Soil ingestion rate (g y"(-1)) 

b 

(L YA(-l)) 
- _ _  - [ -"FIND", "CONST", $frac_indoors, 0 3 __ _ _  

~~ 

[ "FOTD", "CONST", Sfrac-outdoors, 0 I ,  # Fraction of time 

[ "LFIS", "CONST", $Fodder-meat, 0 I, # Livestock fodder 
# outdoors 

# intake for 
# meat (kg d" (-1) ) 

# intake for 
# milk (kg d"(-1)) 

[ "LFIG", "CONST", $Fodder - milk, 0 3 ,  # Livestock fodder 

[ "LWI5", "CONST", $Water-meat, 0 1,  # Livestock water intake for 

[ "LWI6", "CONST", $Water-milk, 0 1,  # Livestock water intake 

[ "LSI", "CONST", $Livestock-soil, 0 1, # Livestock soil intake 
# (kg d"(-1)) 

[ "FGWDW", "CONST", $FGW-DW, 0 1 ,  # Frac. of drinking water 

# meat (L dA(-l)) 

# for milk (L d"(-1)) 

# from groundwater 

Risk Assessment Corporation 
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[ "FGWHH", "CONST", $FGW_HH, 0 I ,  # Frac. of household 

[ "FGWLW", "CONST:, $FGW-LW, 0 I ,  # Frac. of livestock 

[ "FGWIR", "CONST", $FGW-IR, 0 I ,  # Frac. of irrigation 

[ "FDW", "CONST", $CF-DW, 0 I ,  # Contam. frac. of drinking 

[ "FHHW", BCONST", $CF-HHW, 0 I ,  # Contam. frac. of household 

[ "FLW", "CONST", $CF-LW, 0 I ,  # Contam. frac. of livestock 

[ "FIRW", "CONST"., $CF-IW, 0 I ,  # Contam. frac. of 

[ -"FR9" "CONST", $CF-AQ, 0 1 r # Contam. frac. of aquatic 

[ "FPLANT", "CONST", $CF_plant, 0 I ,  # Contam. frac. of plant 

[ "FMEAT", "CONST", $CF-meat, 0 1 ,  # Contam. frac. of 

[ "FMILK", "CONST", $CFmilk, 0 I,# Contam. frac. of milk 
[ "EXAPTR", "CONST", $Evap-transp, 0 1 ,  # Evapotranspiration 

[ " W p M " ,  "CONST", $Lambda-weathering, 0 1 ,  

[ "DENSCZ", "CONST", $rho-b, 0 1 ,  # Bulk density of 

# water from groundwater 

# water from groundwater 

# water from groundwater 

# water 

# water 

# water 

# irrigation water 

# food 

food , 

# dietary meat 

. I  # coefficient 

# Weathering rate for plant surfaces (~~(-1)) 

# contaminated zone 
# (9 cmA(-3)) 

[ "BRDL", "CONST", SDose-limit, 0 ] ) ; #  Annual dose limit 
# (mrem/year) 

$nvar = scalar @var; 

# Compare each variable name in the file with the list of uncertain 
# parameters in the array @var. Do a Monte Carlo sample for each 
# hit,or substitute for a "CONST" value when so indicated. 

LINELOOP : 
while ($line = <RADFILE>) 
{ 
@fields = split /=/,  $line; 
Svname = $fields [O] ; 
Svname =- s / [  l+//g; 
for Sivar (0 .. Snvar-1) 
{ 

if ($mame eq $var[$ivarl 101 ) 
{ 
$dist = $var[$ivar][l]; # type of distribution 

# Generate a uniform random number 
do { $u = rand(l.O); 1 until $u > 0 && $u < 1; 

# Sample the distribution 
$value = sample( $dist, $var[$ivarl [ 2 1 ,  $var[$ivarl [31 1 ;  

$line = $mame = $value,\n"; 

I 
I 
1 
! 

I 
i 
I 

I 

I 
I 

I 

I 
I 

1 

0 
I 

1 I 

i 

I 

I 
i 

j 

l 
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goto PRINTLINE; 

i f  (Svname e q  "TITLE") 

$ l i n e  = TITLE = \ ' $ T i t l e \ '  , \n";  
go to  PRINTLINE; 

- /"DIET\ ( 50-91 \ )  / )  

@ p a r t  = s p l i t  / [ ( ) I / ,  Svname; 
$ l i n e  = 'I D I E T  ( $ p a r t  [ 13 ) = $Diet [$pa r t  [ 1 1  - 1 3  , \n"; 
goto  PRINTLINE; 

if (Svname =- /"STOR-T\ ( [ l - 9 ] \ )  / )  

@ p a r t  = s p l i t  / [  ( )  ] /, Svname; 
$ l i n e  = " STOR-T ($pa r t  [ 1 1  ) = $Storage [$pa r t  [ 1 1  - 1 3 ,  \n"; 
goto PRINTLINE; 

if ($mame =- /"YV\( El-3]\) / )  

@ p a r t  = s p l i t  / [  ( ) I / ,  Svname; 
$ l i n e  = I' $par t  [ 01 ($pa r t  [ 1 1  ) 
goto PRINTLINE; 

= $Yield [$pa r t  [ 13 -13, \n"; 

- 
~ - - ~ 

- - - _ _  - - - -- ~- - -  

@ p a r t  = s p l i t  / [ ( ) ] /, Svname; 
$ l i n e  

- - I1 $par t  [OI ($pa r t  [ l l  1 = $Growing - season[$par t  [ l] -11,  \n"; 

goto PRINTLINE; 

i f  (Svname =- / ^ T I V \  ( [1-31 \ )  / I  

@ p a r t  = s p l i t  / [ ( ) I / ,  Svname; 
$ l i n e  

- $par t  [ O I  ( $pa r t  113 ) = STransloc f a c t o r  [$par t  [ 11 -13, \n"; - I1 - 

goto PRINTLINE; 
1 
i f  (Svname =- /"RWET\ ( [1-3]\) 1) 
( 

@ p a r t  = s p l i t  / [ ( ) I / ,  Svname; 

DRAFT 
\'$ 
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$line 
- $part [OI ($part [I] ) = $Wet intercept [$part [I] -13, \n"; - n  

- 

goto PRINTLINE; 
1 
if (Svname =- /^RDRY\ ([l-3]\) / )  
{ 

@part = split / [ ( 1  I / ,  Svname; 
$line 

- - I1 $part [OI ($part [l] ) = $Dry-intercept [$part [ll-11 , \n"; 

goto PRINTLINE; 
1 

# The following comment lines give the structure of the .RAD file where 
# nuclide names and some parameters are inserted. Some of the actual 
# parameter values actually used may be different. 
# 
# NUCNAM = 'Ac-227', 'Am-241', 'Np-237', 'Pa-231', 'Pb-210', 'Pu-238', 
# ' Pu-239 , Pu-24 0 ' , Pu-24 1 , Pu-24 1 I , Pu-24 2 , Ra-22 6 , 
# 'Ra-228', 'Th-228', 'Th-229', 'Th-2301, 'Th-232', 'U-233', 'U-234', 
# 'U-235', 'U-236', 'U-238', 'LAST', 
# S = 0, . 3 ,  3*0, 1, 8.42, 1.58, 2*40, '1, ll*O, 
# w = 22*0, 
# DCACTC = 2*20,-1, 50, 100, 6*2000, 2*70, 4*60000, 5 * 5 0 ,  
# DCACTUl = 2*20,-1, 50, 100, 6*2000, 2*70, 4*60000, 5 * 5 0 ,  
# DCACTS = 2*20,-1, 50, 100, 6*2000, 2*70, 4*60000, 5*50, 
# RLEACH = 22*0, 
# SOLUBKO = 22*0, 

. I  
I .  

if (Svname eq "DCACTC" 1 1  Svname eq "DCACTU1" 
I I Svname eq "DCACTS" ) 

{ 
# K-d values for contaminated zone, unsaturaded zone, and 
# saturated zone 

$line = " Svname = 20, $Kd-Am, -1, 50, 100,\n"; 
$line = $line." 6*$Kd_Pu, 2*70, 4*60000, 5*50, \n"; 
goto PRINTLINE; 

1 
if (Svname eq "S") # Nuclide activities (pCi/g) 
I 

# Note: the value 1E-10 is a small non-zero value for 
# the initial activity of Np-237 to trigger RESRAD to 
# compute a soil action level for this nuclide 
$line = S = 0, $ActO{\"Am241\"), 1E-10, 2*0 ,\n"; 
$line = $line." $ActO{\"Pu238\"), $ActO{\"Pu239\"),\n"; 
$line = $line." $Acto{ \"Pu240\"), $ActO(\"Pu24l\"),\n"; 
$line . 

= $line." $ActO{\"Pu24l\"), $ActO{\"Pu242\"), ll*O , \n"; 
goto PRINTLINE; 

1 
if ($name eq "MLINH") # mass-loading for inhalation 
I 

$line = 'I MLINH = $ML-fact ,\n"; 
goto PRINTLINE; 

1 
if (Svname eq "MLFD") # mass-loading for foliar deposition 
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{ 
$line = MLFD fact , \n" ; 
goto PRINTLINE; 

' 1  
if (Svname eq "PRECIP") 
I 

$line = PRECIP = SPrecip ,\n"; 
goto PRINTLINE; J 

1 
if (Svname. eq 

fi r; if (Svname eq "EPCZ") 

$line = EPCZ 
- goto PRINTLINE; 

1 

1 

PRINTLINE: 
print XXFILE "$line"; 

# $line may be the one read in or an alteration 
1 
close RADFILE; 
close XXFILE; 

# Sample transfer parameters for Pu, Am, and Np 
# and make formatted string representations of their values 
for $elem ( r c P ~ " ,  "Am", "Np") 
I 
SBivISelem) = sprintf "%.lE", 

$Biv{$elem} =- s/E( [ -+I  ) 00 ( [0 -9 ]  
$meat {$elem} = sprintf * I % .  lE", 

$Rneat{$elem) =- s/E ( [ -+I  ) 00 ( [0-91) /E$1$2/g; 
$!?milk{ $elem} = sprintf I ) $ .  lE", 

SFmilkISelem) =- s/E([-+])OO([O-~])/E$~$~/~; 

- sample ("LN0RM"i - $Biv-GM{$ele -~ - - - 
_ _  

sample ("LNORM", Sheat-GM{$elem) , $Elneat-GSDI $elem} ) ; 

sample ("LNORM", $hilk-GM{$elem~, $hilk-GSD{$elem} ) ; 

1 

# Make a script file for a call to the batch editor sed. 
# The script will direct sed to read the file RFSAL.D34 and 
# replace the transfer factors on the lines beginning with 
# rrPU" , "Am" , and rrNpll with the sampled values just computed. 
open ( SCRIPT , ">$Working-direct ory\ \ s cript I' ) 
I I die "Cannot open script file for sed"; 
print SCRIPT <<END-SCRIPT; 

/^PU/C\\ 

DRAFT Risk Assessment Corporation 
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. -  Pu SBivI"Pu") $ m e a t {  rlPull} $!?milk{ "Pu") 
/^Am/C\\  
Am SBivI "Am") $ m e a t  { "Amr1) $!?milk{ "Am")  
/ *Np/c\ \ 
NP SBivt " N p " 1  $ m e a t  { "Np"} $!?milk{ "Np"} 
END SCRIPT 

I .  

- 
I -  

c l o s e  SCRIPT; 

# Now have t h e  system cal l  sed and po in t  it t o  t h e  s c r i p t  f i l e  
# and RFSAL.D34 i n  t h e  \RESRAD d i r e c t o r y .  The necessary 
# command s t r i n g  i s  long, s o  w e  do it i n  seve ra l ' p i eces .  . 
Scmd = "sed -f $Working-directory\\script"; # f i rs t  piece 
Scmd .= $Working-directory\\RFTMP.D34"; # second p iece  
$cmd .= 'I >$RESRADgath\\RFSAL.D34"; # t a i l  - 
system "Scmd"; # sys t em command 

#--------------------------------------------------------------- 
# Move Sxxf i l e  t o  \ r e s rad  and execute RESMAIN3 
#--------------------------------------------------------------- 

system "copy Sxxf i l e  SRESRAD-path\\$xxfile >n 

d ie  "Cannot cd t o  SRESRADgath" unless  chdi r  "SRESRADgath"; 
system "resmain3 Sxxf i le  0 >nul" I I d i e  "Cannot execute resmain3"; 

system "erase Sxxf i le"  

die  "Cannot cd t o  home d i r ec to ry"  unless  
c h d i r  "$Working - di rec tory" ;  

~ .. 

# suppress  DOS copy message 

I I p r i n t  "Cannot e ra se  Sxxf i l e  from SRESRADgath"; 

#--------------------------------------------------------------- 
# Recover the  dose es t imates  a t  t i m e s  0 29 129 529 1129 y, 
# corresponding t o  1971, 2000, 2100, 2500, 3100. 
#--------------------------------------------------------------- 
open (SVMMARY, "<$RESRADgath\\summary. rep")  
I I d ie  ("Could not open summary. rep")  ; 
# Look f o r  t he  phrase "Total  Dose TDOSE", 
# which occurs only one p lace  * i n  t h e .  f i l e  

while ( $ l i n e  = <SUMMARY>) 

i f  ( $ l i n e  =- /Total  Dose TDOSE/) { $found = 1; last; } 
1 
i f  ($found == 0 )  
t 

c l o s e  SUMMARY; 
go to  RESTART; 

I 

$found = 0; 

I _  

1 

# BEGIN replacement 
f o r  (1 .. 4) { $ l i n e  = <SUMMARY>; 1 

# s k i p  3 l i n e s  and r e t a i n  t h e  4 th  
chomp $ l i n e ;  # remove \n cha rac t e r  from end of  l i n e  
$ l i n e  =- s /" [  ] + / / ;  # remove i n i t i a l  space charac te rs  
@ f i e l d  = s p l i t  / [  \ t]+/,  $ l ine ;  

DRAFT 
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f o r  (1 .. 2 )  { s h i f t  @ f i e l d  
@dosedate = ( )  ; 
f o r  $f ( @ f i e l d )  
I 

push @dosedate, $f+1971; 
1 
$ l i n e  = <SUMMARY>; .# g e t  
chomp $l ine;  
$ l i n e  =- s / " [  I + / / ;  # remove i n i t i a l  space characters 
@ f i e l d  = s p l i t  / [  \ t]+/,  $l ine;  

# s p l i t  the l i n e  a t  spaces o r  tabs  
# and put the f i e l d s  i n  an array.  

s h i f t  @ f i e l d ;  # remove a labe l  f i e l d  "TDOSE(t )  : I '  

# For t h e  maximum dose, w e  
# tabulated values a t  o r  beyond the  s 
# maximum dose calculated by RESRAD i 
# >= t h e  scenario date.  
# 
# F i r s t  s e t  up defaul t  case (a)  
Sdosemax = 0; 
f o r  S i  ( 0  . . ( sca la r  @ f i e l d ) - 1 )  
t 

p r i n t f  OUTDOSE "%.3G\t", $ f i e l d [ $ i ]  ; 
i f  ($dosedate [ S i ]  >= $Scenario-date) 
t 

1 
1 
f o r  (1 .. 2 )  t $l ine  = <SUMMARY>; 1 
@ f i e l d  = s p l i t  / [  \t]+/, $l ine;  
Sdmax = $ f i e l d [ 2 ] ;  
Stmax = $f ie ld[7]  +1971; 
Sdosemax = $dmax i f  ($tmax >= $Scenario-date);# case (b) 
p r i n t f  OUTDOSE ' I % .  3G\n", Sdosemax; 

$found = 0; 
w h i l e  ($ l ine  = <SUMMARY>) 

i f  ( $ l i n e  =- /Single Radionuclide Soi l  Guidelines/) 

i f  (Sdosemax < $ f i e l d [ $ i ] )  { Sdosemax = $ f i e l d [ $ i ] ;  1 

-. - - _  . -  - - -  - - -  ~~ 7 - _ -  _ _  - - -  - 
~ - ~ 

- ~- - ._ 
- - I  - - 

I t 
$found = 1; 
l a s t ;  

1 
1 
d i e  "Pattern /Single Radionuclide Soi l  Guidelines/ not found" 
i f  ($found == 0 ) ;  
f o r  (1..4) { $ l i n e  = <SUMMARY>; 1 # s k i p  4 l i n e s  
f o r  Si (1..7) # i t e r a t e  over t h e  7 l i n e s  of the Guidelines t a b l e  
I 

$ l i n e  = <SUMMARY>; 
chomp $l ine;  
$ l i n e  =- s / " [  I + / / ;  # remove i n i t i a l  space characters 
$ l i n e  =- s / [ * ] / / g ;  # remove a s t e r i s k s  
@ f i e l d  = s p l i t  / [  \ t]+/,  $ l ine ;  

# s p l i t  the l i n e  a t  spaces o r  tabs  

Risk Assessment Corporation 
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I ._ 

q # and put the fields in an ariay. ' 

shift @field; # discard radionuclide name 
shift @field if ($Scenario date > 1971); # discard 1971 value 

shift @field if ($Scenario date > 2000); 
# discard 2000 value-if year 2100 is desired 

# We want the smallest (i.e., most restrictive) SAL for the-' . j 

1 

# remaining years 

$sal = $field[Ol; # this is the value fo 2000 or 2100 I 
shift @field; I 
for $f (@field) 
I 

1 
printf OUTSAL "%s", $sal; 
if (Si < 7) { print OUTSAL "\t"; } 
else { print OUTSAL ."\n"; } 

I 
# END replacement 

if ($f < $sal) { $sal = $f; I 
. 2 .  . 

,I, ' . , I 

I 

i 

1 

close SUMMARY; I 
if (Simc % 5 == 0) { print STDERR "$imc"; I 
else { print STDERR " . " ; I  

# End Monte Carlo loop 
#--------------------------------------------------------------- 
I 

close OUTDOSE; 
close OUTSAL; 
# copy summary.rep to current directory 

system "del $Working-directory\ \summary. rep" ; 
system "del $Working-directory\\concent.rep"; 
system "copy c: \\resrad\\summary. rep"; 
system "copy c: \\resrad\\concent . rep"; 

#--------------------------------------------------------------- 
# Restore DIMENSON.DAT file in directory \RESRAD 
#--------------------------------------------------------------- 
open(DIMENSON, ">$RESRADgath\\DIMENSON.DAT") 

for Sd (@Dimenson) 
I 

1 

I I die "Cannot open DIMENSON.DAT for restoration"; 

print DIMENSON "$d" ; 

close DIMENSON; 

#--------------------------------------------------------------- 
# Restore RFSAL.* library files in directory \RESRAD 
#--------------------------------------------------------------- 
for $ext ("D34") 
i 

system "copy $Working-directory\\RFTMP.$ext 
$ RES RAD-pa t h \ \ RFS AL . $ ex t >nul 'I ; 

i 

t 

I 

DRAFT 1 'I 
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s y s t e m  "erase $Working-dir 
1 

system "copy $RESRAD-path\\summary. r e p  $Working- 
i f  (Snmc == 1); 

p r i n t  STDERR "\nDone\n"; 
e x i t ;  

#---------------------------------------------- 
# End of main program 
#------------------------------------------------------------- 

# Front-end subrout ine f o r  Monte Car lo  sampling. 
# C a l l i n g  sequence: 
# $value = sample("LNORM", $GM 
sub  sample 
t 

l o c a l  ($type, Spl,  Sp2) = 

l o c a l  (Su, S r v ) ;  
i f  ( $ t y p e  eq "CONST") 
I 

parameters  

$rv  = S p l ;  
1 
e l s i f  (Snmc <= 1) 
t 
if ($ type  eq "UNIFORM") { $rv  = O.S*($pl t$p2);  } 
e l s i f  ($type eq "LOGUNIFORM") { Srv  = sq r t (Sp l "Sp2) ;  } 
else { Srv = S p l ;  } 
1 
else 
t 

# Get a un i fo rh ly  d i s t r i b u t e d  [0,1]  random number 
do t $u  = rand( l .O)  1 u n t i l  Su>O & &  $u<l;  # d i s c a r d  0 and 1 
SWITCH2 : 
t 
Srv = NORM_sample($pl, Sp2, S u ) ,  l a s t  SWITCH2 i f  ($type e q  "NORM") ; 
$GV- = LNORM - sample (Spl , .  $p2,_ $u) ,- last-SWITCH2 i f  - 

Srv = UNIFORM-sample(Sp1, Sp2, Su) ,  

Srv = LOGUNIFORM sample(Sp1, Sp2, S U I ,  

die " D i s t r i b u t i o n  type n o t  found i n  sub rou t ine  sample"; 
1 
1 
r e t u r n  ($rv)  ; 

- 
- -  - -- - . - - - 

-= 

"LNORM" ) ; 

l as t  SWITCH2 i f  ($ type  eq "UNIFORM") ; 

l as t  SWITCH2-if ($ type  eq "LOGUNIFORM") ; 

1 

sub  l i n t e r p  
t 

l o c a l  ($N = s h i f t ) ;  
l o c a l  ($x = s h i f t ) ;  
l o c a l  (Spxtab, Spytab) = @-; 

DRAFT \P 
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I 
local (Si, $found = 0); * - .  

for $i (0 . . SN-2) 
I 
local ($xO = $$pxtab[$il ; 
local ($xl = $Spxtab[$i+l]); 
next if (!($x >= $xO & &  $x < $xl)); 

local ($yo = $Spytab[$il ; 
local ($yl = $Spytab [$i+l] ) ; 
local ($y = $yo + (Syl-$yo) / (Sxl-$xO) * ($x-SxO) ; I $found = 1; . 1 .  

- .  last; 

I 
1 

I 

- -  . .  1 
if (!$found) 
I 
if ($x >= $$pxtab[$N-11 ) { return $$pytab[$N-11 ; 'I 
if ($x <= $$pxtab[Ol) { return $$pytab[Ol; 1 
1 
else 
{ . '  
return $y; 
I 

1 

. .  , .. ' \ *  

1 -  

, ,  
. _  

\ -  # END OF S C R I P T  

. . . \. 

. .  

. v  

I 
\. 

. .  

fl  DRAFT 
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APPENDMB 

ALTERNATIVE GROUNDWATER DOSE CALCULATION.ER 
MEASUREMENTS BY LITAOR 

1 z -  

B.l INTRODUCTION 
. -  

The groundwater pathway for plutonium isotopes used in this radionuclide soil action level 
(RSAL) analysis begins in the year 1971. Contaminant concentrations in the aquifer are initially 
at zero and become contahinated only after leachate from the contaminated zone reaches the 
aquifer. Using the RESRAD model, contaminant travel times from the contaminated zone to the 
aquifer were greater than 1000 years for the plutonium and americium isotopes. Because the 
maximum dose for all scenario urs in the first ye& of exposure (year 2000), doses fiom 
groundwater sources are zero for all scenarios. As explained in Section B.2.2, adding the 
groundwater pathway with the 1 m y-’ irrigation rate actually ‘decreases the RsALs because the 
additional water from irrigation depletes radionuclides in the contaminant 1 zone 
without the water. 

Unpublished measurements made by I. Litaor et al (1999), however, have indicated 
plutonium and americium are already present in the groundwater underlying the Rocky Flats 
Plant (RFP). Transport mechanisms not considered in the RESRAD model (and -most 
groundwater transport models) are suspected to be the driving force behind the migration of 
plutonium to the groundwater. Therefore, it is not possible given the time and budget constraints 
of this project to incorporate these processes in the RSAL calculation. Nevertheless, we believe 
some assessment of the groundwater pathway should be made using the data compiled by Litaor. 
Appendix B provides such an assessment. We attempt to put the groundwater-pathway into 
perspective by computing ingestion doses assuming the Risk Assessment ;Corporation (RAC) 
exposure scenarios and the measured concentrations. These results provide some measure of the 
potential impact of groundwater doses on the RSALs. 

B.2 PLUTONIUM AND AMERICIUM MEASUREMENTS IN GROUNDWATER 
~ 

~ - - - 
- - -  - - -  - - -  ~. _-- 

Litaor and colleagues have been studyincthe movement ofpluto$um 5 soil ~ 

over the last 5 years (Litaor et al. 1998, 1996, 1995, 1994; Litaor and Ibrahim 1996). In an 
unpublished draft of his work, he reports 23% and 24’Am concentrations in interstitial pore water, 
runoff, and seep water. These measurements were made during the spring and early summer of 
1995, where in surface soils, normally unsaturated and aerobic conditions became saturated and 
probably anaerobic during an unusually wet period covering 65 days. A calibrated numeric 
groundwater model suggested that 103,000 m3 of water was discharged through the outflow 
boundary. The numeric simulation agreed extremely well with measured effluent discharge fiom 
a holding pond that presumably collected all the upslope groundwater flow. 

Litaor observed that most of the plutonium (-90%) in pore water was associated with 
colloids (0.1 nm to 0.45 p) and larger particles (>0.45 p). However, as chemical conditions 
changed to anaerobic, more plutonium (-25%) was associated with the dissolved phase (particles 
4 nm). It was suspected that prolonged saturated conditions coupled with reducing conditions 
led to enhanced dissolved phase actinide migration for a brief period of time. 
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. .  

The groundwater model in RESRAD does not account for colloidal transport, nor is it 
capable of incorporating geochemical changes or transient infiltration events such as those that 
occurred in the spring and early summer of 1995. To account for these deficiencies in the 
RESRAD model, we have included this alternative groundwater assessment. This assessment 
uses the data measured Litaor, combined with drinking water ingestion rates and ICRP 
Publication 70 dose conversion factors to calculate the doses one would have received had they 
been drinking water discharged from the site. We do not attempt to include this assessment in the 
RSAL.calculation. To do so would require a complete reevaluation of the scenarios and other 
factors that affect action levels. These dose calculations are presented here to (a) address,dose 
impacts_from the site as it currently stands and (b) address deficiencies in the RESRAD 
groundwater model. 

, * )  

B.2.1 Conceptual Model 

. Litaor measured concentrations in interstitial pore water in eight soil horizons ranging down 
to a depth of 6.6 m and also in seep water and surface runoff water (Table B-1). We do not 
believe its a credible scenario for someone to consume interstitial pore water near the &face (4 
m) because most of the time these soils are unsaturated and, therefore, it would make little sense 
to drill a well into these layers. Below this depth, water tends to be present in places year round, 
depending on location. A scenario where someone drinks surface runoff is also not considered to 
be credible because this would most certainly be an unreliable water source. The scenarios 
considered then involve water consumption from three sources: a well drilled down to a depth 
>3 m, seep water, and discharge water from the study area. 

To compute the concentration in water discharged from the study area, we divided the 
plutonium and americium flux estimated to have been released from the area (24 and 4.3 MBq, 
respectively) by the total amount of water discharged during the measurement period (1 x lo5 
m3). This calculation results in water concentrations of 0.0087 pCi L-' and 0.0015 pCi L-'for 
u9n4"Pu and 241Am, respectively. 

Table B-1. Concentrations of u9/L40pu and 241Arn in Pore Water, Seep water, and Runoff as 
Measured by Litao8 

(m) (pci L-'1 (pci L-') (pci L-'1 (pci L-'1 (pci L-') (pci L-'1 
Depth Mean 239n40 Pu Min 239n40Pu Max u9n40Pu Mean "'Am Min 241Am Max 241Am 

<0.2 99.9 1.48 877 18.5 - 0.137 178 
0.2-0.4 15.2 0.133 287 2.22 0.022 40.7 
0.4-0.7 5.55 0.030 62.9 0.888 0.001 9.62 
0.7-1.5 0.85 1 0.019 3.40 0.1 15 0.01 1 0.444 
1.5-2.0 0.255 0.067 0.999 0.052 0.007 0.130 
2.0-2.7 0.270 0.003 1.33 0.041 0.001 0.1 15 
2.7-4.2 0.107 0.00 1 0.666 0.028 0.003 0.1 15 
4.2-6.6 0.059 0.018 0.192 0.027 0.007 0.1 15 
sw-53 7.29 0.777 17.8 1.23 0.093 3.15 
Runoff 20.7 0.007 77.7 3.70 0.137 21.8 
* Concentrations were converted from becquerels per liter to picocuries per liter. 

DRAFT 



'l'ask 5: lndependent Calculation B-3 
Draft Report 

Doses were calculated for an adult, child, and infant. We used the same water ingestion rates 
for these receptors as defrned by the M C  scenarios. That is, water ingestion rates of 1, 1.5, and 
2 L  d-' for 365 days per year were used for the infant, child, and adult rancher scenarios, 
respectively. We also assumed no filtration was in place so that all suspended plutonium in water 
was ingested regardless of particle size. ICRP Publication 70 ingestion do 
were used throughout the calculation. 

B.2.2 Results 
. I  

Measured activity concentrations decreased as a hnction of depth. Consequently, the deeper 
the well, the lower the annual dose (Tables B2 through B-4). Doses from the ingestion of seep 

source 
2 . 7 4 2  m 

water were highest and ranged from a minimum of.O.56 mrem to a maximum of 13 mrem for the 
adult receptor. Doses were higher for adult compared to the child or infant because of higher 
water ingestion rates. Doses fiom the ingestion of discharge water ranged from 0.0057 mrem for 
the infant to 0.0067 mrem for the adult. These doses would be close to those received by offsite 
individuals who drank water from one of the reservoirs (Standley Lake) that receives water from 

b 

(mrem) (mrem) (mrem) (mrem) (mrem) (mrem) (mrem) (rnrem) (mrem) 
0.061 0.059 0.071 0.00063 0.00061 0.00073 0.38 0.36 . 0.44 

Woman Creek because it represents mean concentrations in the water discharged from the site. 

4.2-6.6 m 
sw-53 
Discharge Water 

Doses from the ingestion of well water were less than 1 mrem. 
There are currently no receptors who consume seep or well water at the site. This calculation 

is intended to put the potential for radiation dose from groundwater sources into perspective. 
While we believe the likelihood of using groundwater at the site as a primary drinking water 
source in the near future is small, doses from drinking such water are near the 15 mrem dose 
limit. Radionuclides in well and seep water are transient in nature and the measurements 
represent upper bound values that were measured during a 65-day period+ while saturated 
conditions existed in the soils. These conditions do not represent typical conditions at the site and, 
therefore, these doses must be considered as upper bound estimates, at least in the current time 
frame. Based on these calculations, additional study and environmental monitoring is 
recommended to assure radiation dose from the groundwater pathway for future receptors is 

0.033 0.032 0.039 0.010 0.0097 0.012 0.11 0.11 0.13 
4.1 4.0 4.8 0.44 0.42 0.51 10 9.1 12 

0.0049 0.0047 0.0058 NIA NIA NIA N/A NIA NIA 

minimized. 

Table B-2. Drinking Water Ingestion Doses from Plutonium 

_ _  - 
. _  - - -  

DRAFT Risk Assessment Corporation 
"Setting the standard in environmental health" 

n 



B-4 Radionuclide Soil Action Level Independent Review 
Task 5: Independent Calculation 

- .  ..- . . 
. .  

. .  
. .  . . . ,  , -  . .  

. .  Welldepthor 

. 2.74.2 m 

. . ,... 
s~urce ...” 

4.2-6.6~1 ’ 

.. . sw-53 . .  
Discharge Water 

. . .  
. . >  , , ”‘Am- Minimum ” ’ Am-Maximum 

@At -. . . .  ult, Infant Child Adult Infant Child Adult 
(mrem) ( A i m )  (mremf’ (mrem)’ ( A m )  (mrem) (mrem) (mrim) ’ (mrem) 
0.014 0.012 0.015 . . 0.0013 0.0012 0.0014 0.057’ . 0.051 ’ 0.060 
0.014 0.012 0.014 ‘0.0037 0.0033 0.0039 0.057 0.051 0.060 
0.61 0.55 0.65 ’ Oh46 .. ‘0.041 0.049 1.6 1.4 1.7 
0.00077 0.00069 0.00083 NIA NIA NIA NIA NIA NIA 

, .  . . .  . .  
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,APPENDIX C 

PLUTONIUM IN TE& E W q N M E N T  AROUND THE ROCKY 
FLATS PLAN'k 

. .  / . i  . ,i; 

.original source document are also sometimes provided. In some cases, especially when we are 
-mostly interested in the relative ksults from a single study, only the units from the original source 
document are provided. To convert values to different units, consult Table H-.17 in the Annex to 

. .  this appendix. . .  

SOURCES OF BACKGROUND ENVIRONMENTAL PLUTONIUM 

Global Fallout from Nuclear Weapons Testing 

Atmospheric nuclear weapons testing is the largest source of plutonium in the environment 
(Harley 1979). Radionuclides formed in nuclear weapons tests are summarized in Holleman et al. 
(1987). Weapons-grade plutonium is composed primarily (weight-basis) of "h, but it also 
includes usPu, %, 241Pu, and "2Pu. In nuclear explosions, both fission and fusion weapons 
release plutonium; these releases are derived from unused plutonium (that does not fission) and 
from neutron capture reactions, which create the majority of the higher mass 
"'Pu, 'Azpu, and 243Pu. The quantities of 242Pu and 243Pu produced are very small. Very large 
quantities of 241Pu are produced. However, "'Pu decays primarily by weak beta emissions, and its 
radiological impacts are much less si&icant than those of the primary alphaemitting plutonium 
isotopes-asPu, "%, and %. Other heavyelement radionuclides are also released in nuclear 
weapons tests, including "'U, 23%p, and "'Am. Uranium-237 and "%p have relatively short 
half-lives of about 7 days and 2 days, respectively, and they would not persist in the environment. 
Americium-241 builds up in the environment as a result of "'Pu decay; therefore, it is present in 
the environment in significant quantities relative to the primary alphaemitting plutonium 
isotopes. This appendix concentrates on the primary alphaemitting plutonium isotopes ??u, 

Eisenbud (1987) summarizes the history of nuclear weapons testing. Atmospheric testing of 
nuclear weapons started in New Mexico in July 1945. The majority of tests were performed by 
the US., former Soviet Union, United Kingdom, France, and China. Most of the atmospheric 
tests were performed in the 1950s and the early 1960s, before the signing of an atmospheric 

and %. 
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H-1, with estimated yields 

s reaches the stratosphere. 
ball 'initially injects the 

Estimated total 

I 196e-1980 . , : 22 21 

a Adapted from Eisenbud (1987). 

particles formed in the nuclear, explosion can be transported long distances by winds. 
Material reaching the stratosphere is transported around the globe. Deposition of material from 
the atmosphere occurs <by dry or wet deposition. T0.a great extent, air masses of the northern and 
southern hemispheres remain separatd, but limited exchange between hemispheres does occur. 

Other geographic features are relevant to global fallout in the area around the RFP. 

increase the ground-level air.concentrations of fallout on the lee side of the mountains (the side 
that is sheltered from the wind). High mountain passes and the lee side of mountains generally 
receive more precipitation than surrounding areas, which may increase the wet deposition of 
global fallout. For meteorological reasons, material from the stratosphere is transferred into the 
troposphere p k d y  over the middle latitudes (about 40" to 50" latitude) (UNSCEAR 1993). 
Thus, the greatest amounts of fallout from large tests, which reach the stratosphere, are eventually 
distributed in the middle latitudes, with lesser amounts distributed toward the poles and the 
equator (UNSCEAR 1993). The RFP is in the middle latitudes, at a latitude of about 40" north. 
Distribution of fallout from lower yield tests is dependent on the location of the explosion. 

The small particles of debris from atmospheric nuclear weapons tests may remain in the 
atmosphere for quite some time. For material that reaches the stratosphere, residence times are 
generally determined to be about 2 to 4 years. Thus, tests that inject debris into the stratosphere 
generally do not produce the highest ground-level fallout concentrations until about 2 years after 
the explosions. 

--Mountains alter wind currentsyresulting in a downwFd ,mg .o f  higher altitude air, which may 
~ 

- . ---- - -- . 
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. . . .  . . . . . . . .  . . .  .... . . . .  . . . . . . . . . .  . . .  . . . .  . . j I  . 1 . :  
,>;: -i 

I ,  

. . . . .  
L ,  . . ' . ' GlobalFalloutfrom'SNAP9A , . . .  ..: . . .  

. .  . .. . . . . . .  . . . . . . . . . .  . . . .  . . . . . .  , ,  :.I . . . .  1 %. i  . .'i 
, 17 : % -  . r  . , .  - I  

. ,  . .  . .  

- -  

payload was an at&li&'power geneiiitor:(called~SNAP.9A), which contained 17 kci (6.3 x 1014 
'Bq) 238Pu 'Waiiey 1979). The rocket 'systkm;failed, 'and 'the Satellite &ntered the atmosphere in 
the southem hedsphere, burnihg up upon reentry .at.about '50-lan (30-mi) altitude. Essentially dl 
'bf the plutonium- activity .wai u-8Pu. The first arrival in the' nohhern 'hemisphere of ?8pU fallout 
'.from'. the satel1ite''bumup .was ::measured in .early 3966 '-in .Italy:'irhis 1 souice-. of+ .plutonium 
'Contributes a.small &oimt to the background . . .  total plutonium . . .  in the.RFP-aiea'(see Table H-2 for 
a general comparison). 

In April .1964,'.a Trahsit N&i&tional Satellite' was launched from 

. .  . . . . .  . -  . .  

. .  . .  

. .  . .  . .  

. .  

. . .  . . . . . . .  . . . . . .  - .  _ _  . . .  . .  . .  ~ 
--- .~ 

. ' A numberiof , sources of localized plutonium exist in the environment, including both 
releases from nuclear .processing facilities and releases .from otheriaccidents (Harley 1979). 
Releases from I & h d  sources are ,confined to the lower :atmosphere hd , '  thus, *e not globally 
'distributed. The Nevada Test Site (NTS),  in southern,Nevada, was used for test detonations of 
small nuclear weapons up through 1961; safety tests in..which the ,high .explosives in nuclear 
weapons were detonated (with plutonium in the -tested device); Plowshare explosions (using 
nuclear explosions for peaceful purposes); and accidental venting of underground weapons tests. 
A considerable amount of unfissioned plutonium was distributed from these tests. Material from 
the NTS was distributed at least as far away as Salt Lake City, Utah (about 600 km [370 mi] from 
the NTS), and it may have contributed smal l  amounts to the plutonium deposition in Colorado. 

The chemical explosives in nuclear weapons exploded in two incidents, following crashes of 
U.S. military &craft. The first occurred in Palomares, Spain,.in 1966, and the second in Thule, , 

Greenland, in 1968. Both'resultd in l&hl dispersion of plutonium from the weapons. . 

A number of the U.S. atmospheiic. nuclear'.weapons.tests 'were performed in .the !Pacific 
Ocean, at Bikini'itpd Enewehk Atolls: Bkiause ,large quantities .of plutonium were produced in 
these tests, there was' significant plutonium'deposited in the local an5a around the tests. 

'France, India,'and the United Kingdom have also released significant quantities of plutonium 
to &ea&; 'in effluents &d aS packhgd waste for disposal (Harley.1979). Essentially all-of this 

-.. 

. .  . . . .  . .  . .  , . .  , ... i , ! '  
, :  * . r e  . material has r e k e d  in the oceks.' ' . . . .  

.... . . . . .  .. . . . . . .  . . . .  . .  . .  . .  
. . . a  ' . .  I . .  . .  , . .  
Table H-2. Estimated Plu.to~um . . . .  . .  :Inventorit& ' (kCi) . .  in Soils in 1970" 

s .Location ; . . ,~Weaporis . Weapons 2Th. . SNAP v 8 ~  . . .  

Northern hemisphere 253 f 33 6.1 i0.8 ' 3.1 f 0.8 
Southern hemisphere 67* 14 1.6 f 0.3 10.3 f 2.1 

Total 320f36  , 7.7 f 0.9 13.4 f 2.2 

a Based on measurements of plutonium from numerous locations (Harley 1979). 

Several U.S. Department of Energy (DOE) weapons plants in the U.S. process plutonium, 
and releases have occurred from some of them (Harley 1979). At the Mound facility in Ohio, a 
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$liquid release of-about 10 Ci (4 x 10’’ Bq) of .” 
pipeline. At the Los Alamos National Laboratory, 
plutonium has been released to canyon waste d 
occurred from the Hanford Site in Washington (TSP 1994); $e S-avannah River Site in South 
Carolina (RAC 1999), and to a lesser extent from the Oak Ridge National Laboratory in 
Tennessee (ChemRisk 1993). All of,these ,facil(ties have 
reconstruction projects. 

% measurements at a nu 
-to weapons tests and the SNAPPA burnup (Harley 
rough indication of 
background plutoniu 

_. 

969. from a break in 
xico, about 2 Ci 1(8 x 10’ 
Releases of plutonium h 

Table H-2 summarizes the estimated 

. .  . . . .  . . .._... ., ... , . .  _.. * . .  . . .  : ..., 

The plutonium processed at the RFP is weapons-grade plutonium, consisting primarily of 
Plutonium from atmospheric nuclear weapons tests is weapons-grade plutonium that has 

undergone (partial) fission and neutron capture reactions in the nuclear explosion. Because of 
these reactions, the relative abundance of the various plutonium isotopes is altered in the 
exploded material. 

Krey and Krajewski (1972) measured the isotopic plutonium composition of a soil sample 
thought to contain plutonium essentially only from RFP releases and a sample from New York 
thought to contain only global fallout plutonium. Isotopic ratios, relative to “h, are compared in 
Table H-3. 

Table H-3. Mass Gotopic Ratios, Relative to q u ,  for Soil Samples Contaminated by Rocky 
Flats Plutonium or by Global Fallout Plutonium 

I ;  

RFP- 7.15 f -f 9% 5.10 f lO-*-‘lt 0.19% - 2.31 f 10y3 f 0.42% * - -  1.43 f lo4 1.7% . _ _  ~ 

plutonium 
Global 1.35 f lo4 f 5% 1.80 f lo-’ f 0.24% 7.76 f f 0.5% 3.89 i f. 0.59% 
fallout 

a Source: Krey and Krajewski (1972). 

Other sources have reported slightly different isotopic ratios for global fallout plutonium. 
Krey (1976) reported measurements for two samples from New York, with an average’ratio 
2”opu/239Pu of 0.163 & 0.008. Bennett (1978) reported measured plutonium isotopic mass ratios 
for stratospheric air samples for 1959-1970. The average measured ratio for %ah was 0.18, 
for 241W23h during 1963-1967 was 0.0138, for “‘Pu/”% during other years was 0.0118, and 
for 242Wa% was 0.0034. While there may be slight differences in isotopic ratios in samples of 
global fallout plutonium, the isotopic ratios for RFP plutonium are significantly different than 
those for global fallout material. These significant differences can and have been used to 
differentiate between RFP and global fallout plutonium and to determine which source dominates 
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in a particular soil sample'(see also'Table H-10). The most frequently used'ratio i s  %*%,I 
because the higher aburi'dance of %'compared to other isotopes results in smaller uncertainties. 

. . . . .  

... . . . . . . . .  . . .  . . . . .  .'. . ._ . . . .  , . .  . , . I .  

. .  . .  

'I'EmORAL GLOB& FALLOW ._: :i . ,;, : ;: I. -. . : . . 
. . . .  
. . . . . . . . .  . > e - '  ~ 

: I , .  . : . I , .  
. .  . . . .  , -  . : . . . _. .I . ' . .  - . .  . .  . . *  

. >  . 'In using background Concentrations of plutonium'ih .the enviroxhent.for comparisons with 
concentrations near the'RFP;it can be inipor'tant.to recognize' temporal.trends (changes -with time) 
in global fallout. The major kmporal ,gend in fallout plutonium.6oncentrations is.bkcause'of the 

. .tiking of the weapons . .  tests; which were the fallout plutonium souk.,Bennett (1978).summariZes 
'.the estimated explosive yields 'of all 'at&ospheric. n u c l k  weapons.:tests  see 'Table'.H+l);. The 

. _ ?  , . ! : & p - .  , .:. , , , ,  1,. : . , .  . .  
( . ' .  ' . . <  

. . - cumulative yield is plotted later in Figure H-2;' i.- . :. ' ' i: . ,, . ~ .  1 .  

. . . . . . .  :, ~ . , . .  . . . .  . '  . . , .  . .  

Table H-4. Summary of Estimated Total Explosive 
, ' :Yields (Megat&) from Atmospheric ,Ngclitar :Tests '. ' :' . 

' ' 

. . . . .  , . 1 * y  . . .  ,.. ' I . . .  - . i ._ .. . .  , 

Period' . ' ' Total explosive yield . Cumulative yield 

..: : . 0.75 , : .. . .  . . , 1945-1951: .:.: : . ..: 0.75. . : : . I . .  . . .  
,1952-1954 . .  

., 30.79 1955-1956 
1957-1 95 8 . 8 1.39 
1960-1961 . 122.43 . -.295.88 , . : I  .: . 
1962 217.40 513.28 . . . . . .  . . . .  
1964-1970 . , 21.23 534.51 . 
197 1-1974 , 6.46 540.97 
19761978 

., 60152 , . , , : . . . .  , .g2:k 61.27 . , , !.,'! ,' ; ." . , 

. I .  . . .  . .  . . . .  '173.45 '.I . .  . .  

. . ,., .. 

. .  
4.16 545.13 

, .  

We examine the temporal trends in fallout plutonium by reviewing modeling predictions 
performed by Bennett (1978). We do not rely on these predictions for explicit, quantitative uses; 
they are presented to give an appreciation of the general trends. 

Bennett (1978) used this information about the timing of weapons testing, the locations of 
the detonations, and an atmospheric transport 'model to predict fallout concentrations of 
plutonium and americium in surface air in the middle latitudes of the northern hemisphere. 
Table H-5 shows the predicted air concentrations of u9%, and Figure H-1 is a plot of these 
concentrations. The air concentrations of plutonium from global fallout vary considerably over 
time. It is important to consider this temporal trend of air concentrations when measbrg 
concentrations around the RFP are compared to background concentrations. Because of the 
seasonal changes in mixing of air masses, there are also seasonal trends in fallout air 
concentrations at ground level (Holleman et al. 1987). For short-term air concentration 
measurements, these seasonal trends should be considered. Because our major focus of this report 
is soil samples, the seasonal trends are not examined in more detail. 
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Year Concentration I Yeiw Concentration 

[I 

Year concentratioi-i 

1950 .O‘  
,195 1 o.Ooo1 
1952 0.0022 
1953 0.03 1 
1954 0.097 
1955 0.16 
1956 0.14 
1957 0.19 
1958 0.25 
1959 0.33 
1960 0.11 

1961 0.089 
1962 0.54 
1963 1.18 
1964 0.58 
1965 0.25 
1966 0.11 
1967 0.054 
1968 0.042 
1969 0.056 
1970 0.062 
197 1 0.066 

I 

1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 

0.032 a t  

0.021 
0.028 , 
0.017 
0.0083 
0.044 
0.018 
0.0071 
0.0028 

a Source: Bennett (1978). 

~ 

~ 

- - -  .~ - ~- - - - -  - _  - -  - __ - 

Bennett (1978) also used the atmospheric transport model to predict deposition rates and 
cumulative deposition of plutonium and americium in the New York region. These predictions 
are shown in Table H-6. The predicted cumulative deposition of 239*% is plotted in Figure H-2, 
along with the cumulative yield of the weapons tests for comparison. The predicted cumulative 
deposition follows the same general shape as the cumulative yield after the lag time because the 
residence time of the material in the stratosphere is accounted for. The temporal trend in the 
cumulative deposition of fallout plutonium sh d be considered when comparing RFP- 
influenced soil sample results with background Its. This trend can be especially important 
when comparing samples taken at different times. We note that the predicted cumulative 
deposition of plutonium from nuclear weapons fallout reaches about 90% of its predicted 
maximum value in 1968, and it reaches 95% of maximum in 1971 (this is relevant to the 
background soil samples discussed later in this appendix). Although these predicted depositions 
are for New York, they should also be relevant to the RFP area because both locations are in the 
middle latitudes. 
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Table H-6. Predicted Deposition Rate and Cumulative Deposition of 239540pu in the New 
York Area because of Global Fallout from Nuclear Weapons Testing" 

Cumulative 
Deposition rate deposition 

Year (mci km-2 y-'1 (mci lan-2) 

1950 
195 1 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 

0 0 '  
O.ooOo6 0.00039 
0.0012 0.00 13 
0.017 0.019 '.' 

0.054 0.072 
0.091 0.46 _ .  
0.077 0.24 
0.11 0.35 
0.14 0.49 
0.19 '0.67 ,_ 

0.061 0.73 
0.049 0.78 
0.30 1.08 
0.44 1.52 ~ 

0.26 1.78 
0.11 1.89 
0.046 1.93 
0.042 1.98 

Cumulative 
Deposition rate deposition 

year (mci km-2 y-') (mci lan-2) 

1968 0.021 2.00 
1969 0.047 2.04 
1970 0.03 1 2.07 
1971 0.029 I '  ' 1, 2.10 
1972 0.023 . 2.13 
1973 0.017 , 2.14 
1974 0.018 2.16 
1975 0.012 2.17 
1976 0.0075 2.18 
1977 . '0.024 ; 2.20 
1978 -' ' 0.0098 2.2 1 
1979 0.0039 2.22 

198 1 o.ooo61 2.22 
1982 0.00022 2.22 
1983 0.00011 2.22 
1984 O.ooOo6 2.22 

1980 0.061 6 2.22- 

Source: Bennett (1978). 
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Figure H-2. Predicted cumulative deposition of plutonium in the New York area because of 
global fallout from nuclear weapons testing. For comparison, the cumulative explosive yield 
of atmospheric weapons tests is also plotted. 
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.. . . . _  .. 

BACKGROUND PLUTONIUM IN SOIL NEAR THE ROCKY FLATS PLANT 
., . ,: I ., 1 .  .. I v ,  

Thi? section describes results from studies around the RFT that represent background 
e RFP in 1969 caused an increased interest in concentrations of plutonium in soil. The fire 

monitoring soil concentrations of plutoniu 
studiqs ‘around the plant were pe or begun in late 1969 and in the earl 
were performed by the National for Atmospheric Research W A R )  for the Colorado 
Committee for Environmental Information (CCEI); the Colorado Department of Health (CDH), 
the Health and Safety Laboratory (HASL) of the Atomic Energy Commission, ‘and Colorado State 
University (CSU). In addition, a stu e sampling at 50 locations. 

I >  

The NCAR and CDH obtained surface samples (to l c m  [O. 
reported results as mass concentrations, ‘while HASL obtained samples to 10 and 20cm (4 and 
&in.) depths and reported results as total deposition (per unit area). The shallow depths of the 
NCAR itnd CDH samples mean that not all of the plutonium in the soil column was sampled. It is 
not reasonable to convert the mass concentration results of NCAR and CDH to total deposition 
values; thus, the NCAR and CDH results cannot be directly compared with HASL results. The 
CSU study used both surface and deeper soil samples and developed models to describe the soil 
concentrations of plutonium as a function of depth. 

National Center for Atmospheric Researchl Study 

The first study was performed by NCAR for CCEI in late 1969 and early 1970. Results were 
reported first by CCEI (CCEI 1970), with additional results given in the later report by NCAR 
(Poet and Martell 1972). This study sampled soils at 35 locations around the RFP and in the 
Denver area and three locations on the eastern slope of the Rocky Mountains that were thought to 
contain plutonium only from nuclear weapons fallout. For this study, surface soil samples were 
taken to a depth of 1 cm (0.4 in.). The background sampling locations are shown in Figure H-3. 
Results from the background locations are provided in Table H-7. Analysis errors (standard 
deviations) are included to provide general perspective on the analytical precision. Results were 

becquerels per kilogram (Bq kg-’) in Table H-7. 
- 

~ - given in-units of disintegrations per minute per gram (dpm g:!), and weehave converted ee-se-t 
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0 Figure H-3. Background sample locations in Colorado established by the National 
Center for Atmospheric Research, Colorado Department of Health, and Colorado State 
University soil studies (after the 1969 frre). I 

I 
I 

I CDH Sampling 
I 

Soil sampling around the RFP was also performed by the CDH. Results of monitoring for 
1970-1977 are presented by CDH (1977 and 1990) and Jones and Zhang (1994). Samples were 
generally collected from 13 sectors near the RFP and up to nine remote sites in Colorado each 

in Figure H-3. The CDH used its own method to obtain samples for 1975-1988. This method 
included taking 25 individual surface samples at each site and then compositing to form a single 

sampling depth has changed over the years, with depth 0.16 cm (0.06 in.) used for 1970-1974, 
0.32 cm (0.13 in.) for 1975-1981, 0.48 cm (0.19 in.) for 1986, and 0.64 cm (0.25 in.) for 1989 

provided in Table H-8. Analysis errors (2 o) are also shown to provide general perspective on the 
analytical precision. Results for 1970-1991 are summarized in Table H-9, although no results for 

Results were given in units of disintegrations per minute per gram, which we converted to 
becquerels per kilogram in Tables H-8 and H-9. 

I 
i 
I 

year, although in some years not all the sites were sampled. The remote site locations are shown 
I 
J 

i 
sample for analysis. The sampling procedures used for years before 1975 were not detailed. The 

I 

and 1991 (Jones and Zhang 1994). Results from the background locations for 1976 and 1977 are 
I 
I 

I 
these background locations were available for 1974, 1979, 1981-1985, 1987, 1988, and 1990. 

1 
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Table H-7. Background (Fallout) Concentrations of 
in Surface Soil (0-1 cm [0-0.4 in.]) Meas 

Center for Atmospheric Rkearch around 
in 1969-1970 

Concentration of 

dpm g-' 

Location Value Std.dev.b Value Std.dev.b 

Loveland 0.047 , 

Loveland 0.056 
Loveland 0.045 
Loveland 0.026 
Loveland 0.043 
Brighton 0.093 0.009 -1.6 , 

Cripple Creek . 0.140 
Cripple Creek 0.052 0.012 0.87 0.20 
Cripple Creek 0.117 0.015 2.0 0.25 

MeanC 0.069 1.1 

a The source document (Poet and Martell 1972) gives results in units 

i 

- .  

disintegrations per minute per gram (dpm g-'). 
Std. dev. = standard deviation. 
The arithmetic mean has been calculated, in this present work, from the 
individual values. 

Table H-8. Background (Fallout) Concentrations of 239*u in Surface Soil 
Measured by the Colorado Department of Health in Colorado in 1976 and 1977 

(Bq kcl)a 
~~~~~ ~ 

1976 1977 

- 
~ _- - 

Burlington 0.3 0.3 1.2 0.3 
Crooke 1.3b 0.2 0.7 0.3 
Limon 0.7 0.3 0.7 0.3 
Livermore 0.3 0.3 <0.3 

C 0.3 Loveland 0.3 - 
Penrose 1.5 0.7 0.7 0.3 
Springfield 0.3 0.3 0.3 0.3 

C 0.7 0.7 Walsenburg 

a Values were reported in units disintegrations per minute per gram in the source document 
(CDH 1977). Sampling depth for these years was 0.32 cm (0.13 in.). 
Average of two samples. 
No sample was taken at this location in 1976. 
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Table H-9. Backgrouqd (Fallout) Concentrations of 2J9@%'u in Surface Soil Measured 
by the Colorado Department of Health in Colorado in 1970-1991 (Bq kg ) -1 a 

Location 1970 1971 1972 1973 .1975 1976 1977 1978 1980 1986 1989 1991 

Burlington 
Crooke 
Huerfano Butte 
Limon 
Livennore 
Loveland 
Penrose 
Springfield 
Walsenburg . 

1.5 1.8 1.2 0.8 0.3 1.2 4 . 7  0.7 4 . 3  1.7 0.5 
0.7 2.2 1.8 0.8 1.3 0.7 1.2 4 . 3  0.7 0.7 

2.3 
-2.2 1.0 1.2 1.0 0.7 0.7 4 . 7  0.7 ~ 1 . 2  0.5 1.0 
0.7 4 . 7  1.2 0.7 0.3 4 . 3  0.7 4 . 7  4 . 3  1.3 
1.8 1.7 2.0 0.3 4 . 7  4 . 7  4 . 3  4 .3  

' 1.8 1.3 1.8 1.0 1.5 0.7 2.2 4 . 7  0.3 2.5 
0.7 1.5 2.0 4 . 7  0.7 0.3 0.3 4.5 0.7 C1.5 4 . 2  1.3 
1.8 1.2 1.8 0.8 0.3 0.7 4 . 7  4 . 7  1.7 0.8 

b b b b b b b b b b 

. .  
' Values were given in units of disintegrations per minute per gram in the source documents (CDH 1977, CDH 1990; 
Jones and Bang 1994). Sample depths were 0.16 cm (0.06 in.) for 1970-1974,0.32 cm (0.13 in.) for 1975-1981, 
0.48 cm (0.19 in.) for 1986. and 0.64 cm (0.25 in.) for 1989 and 1991. 
No sample result was available for this location for the indicated year. 

I 
Health and Safety Laboratory Studies 

--___ .__ -. . . . . . . . 

I 

I 

I 
I 

I 

Studies of plutonium in soil around the RFP by the HASL of the U.S. Atomic Energy 
Commission were initiated in early 1970. These studies did not separately select background 
sampling locations as done in the studies described above. Instead, sample locations were chosen 
at increasing distances from the RFP, and calculation techniques were generally employed to 
estimate background concentrations. The first study by the HASL is reported by Krey and Hardy 
(1970). Samples were collected in February 1970 from 33 sites around the RFP, to distances of 
about 64 km (40 mi), and primarily in easterly directions from the site. Figure H-4 shows the 
numbered locations (1-33) except for some of those close to the plant. Samples were collected to 
a depth of 20 cm (8 in.). At some locations, depth profile information was obtained by collecting 
samples in incremental layers to a total depth of 20 cm (8 in.). Based on limited depth profile 
information, Krey and Hardy concluded that less than 1% of the total plutonium in soil was 
deeper than 13 cm (5.1 in.). Results from this study were expressed in units millicuries per square 
kilometer total deposited plutonium based on the assumption that the measured plutonium (to 
depth of 20 cm [8 in.]) was the total deposited plutonium. Because the studies described earlier in 
this section used shallow sample depths, their results cannot be reasonably compared to results of 
these HASL studies. 

Krey and Hardy (1970) did not measure or calculate background plutonium concentrations 
in soil from their 1970 sampling. They report a background concentration of 1.5 mCi km-2 
(56 Bq m-2) based on a single measurement in 1965 in Derby, Colorado (Figure H-4). 

Seed et al. (1971) performed additional analyses on the data of Krey and Hardy to estimate 
the background plutonium concentration. Seed et al. plotted the distribution of measured 
concentrations on log-probability paper. This plot indicated that the distribution appeared to be 
made up of two separate lognormal distributions: one that represented samples dominated by RFP 
material and one that represented samples dominated by worldwide fallout plutonium. The data 
were separated into these two subgroups and replotted. Straight lines (on log-probability plots) 

I. 

I 
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Figure H-4. Locations of the Health and Safety Laboratory soil sampling around the 
Rocky Flats Plant. Locations 1-33 were used in the 1970 sampling (Krey and Hardy 
1970; Seed et al. 1971) and the 1971 sampling ( k e y  and Krajewski 1972). Locations 34- 
43 were added in the 1972 sampling (Krey 1976). Only locations numbered higher than 
22 are shown here. Other locations are close to the plant. 

~ 

- - were fitted to the data to obtain statistics about the dl’stributions. 
distribution, we determined the background distribution to be represented by a median 
concentration of 2.3 mCi km-2 (85 Bq m-2) and geometric standard deviation 1.16 (Seed et al. 
[1971] indicated an average value of 2.4 mCi 

Krey and Krajewski (1972) used isotopic ratios to evaluate RFP and fallout contributions to 
total plutonium in soil. In October 1971, they obtained additional soil samples from locations 24 
and 28 of the previous HASL sampling documented in Krey and Hardy (1970) (see Figure H-4). 
The new samples were taken to a depth of 10 cm (4 in.). The sample analyses were for isotopic 
239Pu and 2%, in addition to total 239*2%. Ratios of “opu to were then calculated for the 
samples at locations 24 and 28, as well as for two “reference” locations known to contain 
primarily fallout plutonium and primarily RFP plutonium. Because the ratios for RFP plutonium 
and worldwide fallout plutonium were significantly different, it was possible to calculate the 
amounts of plutonium that originated from fallout and from the RFF for locations 24 and 28. The 
total measured 2393% concentrations at locations 24 and 28 were 2.39 (+2.5%) and 1.67 

e fitted lo-gnom - 

[89 Bq m-2]). 
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(f2.5%) mCi k r f 2  (88 and 62 Bq m-2), respectively. For these two locations, the concentrations 
of u9*% that originated from fallout were then calculated to be 1.49 and 1.52 mCi km-2 (55 and 

' 56 Bq m-2). Thus, Krey and Krajewski estimated the background concentration of u9*2% 

because of fallout to be 1.5 mCiluf2 (56 Bq m-2). The remaining 239*% in the samples 
appeared to be due to releases from the RFP. 

Krey (1976) applied the isotopic ratio methods of Krey and Krajewski (1972) to an 
expanded sampling program. In September and October 1972, soil samples were collected from 
previous locations 22,23,27, and 29-32, and from 10 new locations, 34-43 (see Figure H-4). As 
seen in the figure, these locations ranged from a few kilometers from the RFP to about 64 km (40 
mi) from the plant. For this study, sample depth was 10 cm (4 in.), as that depth was thought to 
contain about 90% of the deposited plutonium. For the analysis, Krey also included the results 
from locations 24 and 28 from the previous study of Krey and Krajewski (1972). Total measured 
deposition (of was 1.13-2.87 mCi km-2 (41.8-106 Bq m-'). From the ratios of 2"opu to 

the 239*% deposition from the RFP was calculated. We performed the subtraction to 
obtain the estimated deposition from global fallout. The global fallout deposition was 
1.12-2.51 mCi kni2 (4f.4-92.9 Bq m-2). The mean u9*% deposition because of global fallout 
was calculated by Krey to be 1.7 M.5 mCi km-2 (63 f20 Bq m-2). Table H-10 summarizes the 
estimated background concentrations of plutonium in soils based on the HASL studies. 

Table H-10. Summary of Determinations of Background (Global Fallout) 
Total Deposition of zJ9,240pu in Soils within 64 Kilometers (40 Miles) of the Rocky Flats 

Plant, by the Health and Safety Laboratory 

Deposition of 239*240p~a 

Date Sites (mCikm-2) (Bq m-2) Determination method Reference 

1965 1 1.5 56 "Background" location Krey and Hardy (1970) 

1970 33 2.3 x k  1.16b 85 x k  1.16b Log-probability analysis of Seed et al. (1971)' 

197 1 2 1.50 56 2%:"9~u ratios Krey and Krajewski 

1972 19 , 1.7 f O S d  63 & 20d 240~u:"9~u ratios Krey (1976) 

a Results were reported in source documents in units millicuries per square kilometer. 

distribution of results 

(1972) 

The XI+ value here is one geometric standard deviation of the samples. 
Authors were with Dow Chemical. Estimated background was based on their analysis of HASL data. 
The f value here is one standard deviation of the average. 

Rocky Flats Plant Routine Sampling 

Routine soil sampling for plutonium analyses has been conducted at the RFT from the 1970s. 
The sampling program has changed over the years, so we examine results from a few select years 
to determine the usefulness of the data to represent background plutonium concentrations in soil. 

In 1972,20 locations were sampled on each of three concentric rings around the RFP, at 1.6, 
3.2, and 8-lan (1,2, and 5-mi) radii (Boss et al. 1973). Surface samples were collected to a depth 
of 5 cm (2 in.). For the 8-km (5-mi) radius ring, concentrations of u9,2"opu were 5.2-36 Bq kg-'. 
The uncertainties in these values were extremely large, sometimes greater than 100%. 
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In 1980, the locations farthest from the center of the site were three locations at the eastern 
boundary of the site, near,Indiana Street (Hornbacher et al. 1981). At each location, nine 
composite samples were obtained. Fro 27 samples at these locations, the concentrations of 
u9v2"opu were 28-150 Bq kg-'. 

In 1991, samples were again taken in concentric rings, although now only at 1.6 and 3.2-km 
(1 and 2-mi) radii (Altman et al. 1992). Surface samples were collected to a depth of 5 cm (2 in.). 
For the 3.2-km (2-in) radius ring, concentrations of "9*2% were 0.37-130 Bq kg-'. The 1991 
annual report (Altman et al. 1992) also summarized results from 1984-1991. For the other years, 
some had higher maximum concentrations, and one had lower minimum concentrations. 

From the results of 1984-1991, some concentrations of 239,2% in soil were less than 
Bq kg-' and, thus, within the range of background seen from other studies. However, none of 

the sampling locations were specifically chosen to represent background plutonium 
concentrations unaffected by releases from the RFP. In addition, analyses of the data were 
insufficient to determine that the measured concentrations were not influenced by plutonium from 
the RFP. Thus, these data from routine sampling by the RFP may not be as useful as some of the 
other data in determining the background concentrations. However, the lowest concentrations 
measured by these studies should provide an indication of background levels. 

Colorado State University Study 

A CSU study sampled soil extensively from around the RFP during 1992-1994 (Webb 
1996). This study included 10 background locations along the front range of the Rocky 
Mountains, shown in Figure H-3. For the background locations, three different sampling depths 
were used: 0.3,3, and 21 cm (0.12, 1.2 and 8 in.). Results of this sampling are given in Table H- 
11. For the 0 to 21cm (0 to 8 in.) samples, the result of 3.27 Bq kg-' for location Z10 appeared 
abnormally high because results for the other locations are 0.22 to 0.62 Bq kg-'. Because of the 
significant difference in the value for Z10 and the other values, we did not calculate a mean 
concentration for the 0 to 21cm (0 to 8-in.) depth. However, there is no information to indicate 
that the value should be disregarded, and it is probably within the range of statistical variation. 

An estimate of the background inventory (total quantity) of plutonium was also described in 

sampled. At some of these locations, depth profile data were obtained by taking samples in 3 c m  
(1.2411.) increments to a depth of 21 cm (8 in.). With concentrations at varying locations and 
depths, CSU developed models to describe the concentrations as functions of distance and 
direction from the 903 Area and depth in the soil. These models were then used to develop the 
following inventory model, which describes the total deposition of plutonium (Webb 1996): 

-Webb (-1996)flMany locations (in addition -to the background locations) around@e RFF- were_ - - -~~ 

18*D = (55 kg m -2 )[ 239 Pu]:::, (H-3) 

where 
P = inventory, or total deposition, of u9-2% in soil at distance D and direction 2 

= concentration of plutonium in the 0 to 3 c m  layer of soil at distance D and 

from the 903 Area (Bq m-2) 

direction 2from the 903 Area (Bq kg-'). 
[ a 9  pu 1B.D 

0 - 3  an 
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.. . . .  . . .  . . . .  ... S I _  . ~ .  . . . . . . . . . .  . . .  l . .  > . .  . . . . . . . . . . .  . .  ..,.. ; ..'; , . .  . .  
. -  . . .  Table H-11. Background (Fallout) Concentrations of . .  

. . .  
?9- in Colorado Soils Measured by Colorado State 2 . i  .: . I , . , . . 

University in 1992-1994 (Bq kg-l)a 
.' 

. .  

. . .  . . .  . .  .... . . .  . . .  : t .  . .  . I .  
. .  

. Sample depth . . _ _ .  . .  : i  .::. 
I . ,  .:_. - . . . . . . . . . . . . . .  . . . . . .  . . . .  . .  . .  

., .. ._. ,. . . , ; r :. 

. .  . . .  Location . . . . . .  0-0.3 cm 0-3 cm 0-21 cm . .  
. .  . .  : :. 

. .  

. ' '  0.86 ' ' 1.20 ' ' -0.22 
2 0 2 . : ;  ' '4 . . 4.52 ' ' 2.10 ' 0.45 . . .  

. I 8:';: , 1, . , I  ;203 .. . .:, ; .1.62 . ,. 1.46 . '  '. : 0.33 

';.I,. ,.., .' . ..- . ' 

, .- >, 

. . . .  

. . . .  . . .  '.-zoQ.:.;..!:, .:,;J... . .  ;: . .  :1.29 . . .  . . .  
c . . .  . . .  . . . . . . . . .  ..:,!:. ; ' .  JQ4b.i T;; - '  .. , 

, .  . .  
. ,  . . .  . .2.33 

' 0.96 
,'.. . . .  _ .  

. , : 'c :. . .  . . .  . . : ' c  . ,  . . .  ,207' : : ' ;  : ;  : - :  , . . .  . .  

2.10. 0.49 
1. . 0.46 

0.43 
0.49 ' 

3.29 
. . . . . . . .  .0.48: . .',.:< ~ 2 0 8  :.! . 1.51 . . . .  3.22 

m 1.43 2.07 
210 

Mean 1.55 2.14 
. . .  0.54 0.76 Standard deviation 

C 

. . .  
2.10 , '  , 0.51 . . .  
.I.14 

'.C. 

C . .  
. . .  

- I 

C C 7&gb.; . . . . : .  . .  : . ;  . . , . :  . .  0.62 . .  
C 

. . .  
. I  , .  2.47 2.70 3.27d 

. .; . . .  

d 
d .'_ . , . c  , 

. .  
. .  

. . , I  . , 
. .  

a Source: Webb (1996). 
b '  This second result is for a split sample. 

. .  . .  

. .I 

Nosample.' . 

. The value for the 0-21 cm depth at location 210 seems abnormally 
. I ' ,  <, . , .  high,.relative to the other locations; therefore, we did not calculate 
. .  . .  mean and standard deviation. 

' ?. 
! :.. 
. .  . .  . .  

. . .  . . '  

. .:'.Webb (1996)'used this equation to calculate the total .quantity of background in the 
.. study area (this was total activity, in giga-becquerel [GBq]). In this present report, we perform 
.' essentially the same -calculation, but we only calculate the intermediate result of average 

background u9% deposition (in becquerels per square meter). This is done by applying the 
.:'equation above to the average background concentration in 0 to 3cm (0 to .2-in.) soil. The 

. . : average background concentration in 0 to 3 c m  (0 to 1.2-in.) soil is 2.14 Bq kg-', as used by CSU, 
:.-:and 'as shown in 'Table H-11. Thus, the average background deposition is estimated to be (55 
-:kg m-2) x (2.14,Bq kg-') f.118 Bq m-2. Note that this estimate is based on measured background 
concentrations for 0 to 3 cm (0.1.2 in.), and on models describing the depth distribution of the 
plutonium in soil. 

' 

. , . 
. .  

. .  

EG&G Study 

A study by the RFP focused on the characterization of background soils around the RFP 
(EG&G 1995). This Background Soils Characterization Program (BSCP) included soil sampling 
at 50 sites remote from the RFP, all in undisturbed areas along the front range of Colorado. 
Samples were analyzed for concentrations of fallout radionuclides, including u9,2%. In addition, 

i 

... 1 
I 

I 
I 

* 8  

! 
J 
I 

: ,  
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Figure H-5. Background sampling locations and concentrations of 6 surface soil along 
the front range, measured in 1994 (EGBrG 1995). The left side of this figure shows the sampling 
locations, to scale. The right side shows the measured plutonium concentrations. For a given 
location, the measured concentration is shown directly to the right of the location. Data are from 
Table H-12. 
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At each sampling site, two 1 m x 1 m (3.3 x 3.3 ft) square .areas, were located. From each of 
the two areas, 5 subsamples were taken, from each of the comers and from the center, and the 10 
subsamples were composited to form the sample for analysis. Each of the*,subsamples was taken 
to a depth of 5 cm (2 in.), using a 10 cm x 10 cm (4 x 4 in.) square template. Table H-12 shows 
the results 'for each sampling location. For some, locations, duplic il samples were obtained 
in the field or replicate analyses were performed in the lab0 such cases, the values 
shown in Table H-12, are ;means of the ,duplicate or replicate measurements. The result for 
location GM3 deserves further explanation. The original,result for location GM3 appeared to be 

ion, 0.35 pCi g?, was 4.6 times higher than the maximum of 
s higher than the mean of the other analyses. To investigate 
re performed on part of the remainder of the original soil 

performed on a duplicate field sample, The results of the 
32 pCi g-', about 10 times lower than the original result. 

ncluded that the #original result was ,likely because of a laboratory error rather than to 
s, the original, high result is not 

Table H-12. Background Concentrations of z39?u in Surface Soil- 
Along the Front Range, Measured by EG&G in 1994 (Bq kg-')' 

AF1 1.26 
AF2 1 .00 
AM 0.63 
BE1 1.37 

' t L  site ,c . Coi-centration I site concentration 

DRl 0.92 
DR2 1.07 
DR3 0.89 
ES 1 2.00 

I 

- BE2 0.96 
BE3 1.41 

0.81 
1.70 
2.48 

' CRl 1.30 
- 1.15 ' GM3 1 .08d 

. DP3 0.78 . ' J P 2  1 .22c 

_ _  - _  
~ -- 

2.33 , JP1 1.00- - 

I 

, Site. Concentration 

JP3 2.04 
LH1 1.92 
MR1 0.92 
MR2 2.26b 

Mw1 0.85 
Mw2 0.96 
PP 1 1 .54b 
PRl 1.15 
PR2 1.33 
PR3 1.22 
RM1- -z 2.40 
RM2 1 .26b 

- .  

MR3 1 .Ogb 

.Site . Concentration 

RM3 1.15b 
RR1 1.22 
RR2 1.07 
THl 1.63 
TH2 0.89 
TH3 1.26 
TM1 2.65' 
TM2 1.85 
TM3 1.37 
TM4 2.66 
TM5 1.52 

- _ - -  - = - . - -  ~ 

Measurements have been converted from units of picocuries per gram, in the original reference @G&G 
1995), to btkquerels per kilogram. 
Mean of results of tw0,replicate analyses. 

' Mean of results of duplicate soil samples. 
Mean of results of two replicate analyses of each of two duplicate soil samples. Original result, which 

- a  

The results of the background concentrations from the BSCP are also shown in Figure H-5, 
which depicts the plutonium concentrations in relation to the sampling locations. From the 50 
sampling locations, the,concentrations of u9*% ranged from 0.629 to 2.664 Bq kg-'. The mean 
concentration was 1.40 Bq kg-', and the standard deviation was 0.54 Bq kg-'. One important 
conclusion from Figure H-5 is that there does not appear to be any significant trend in plutonium 
concentration with distance from the RFP, which indicates that the sampling locations probably 

DRAFT Risk Assessment Corporation 
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. .  
' 'represent . . .  background concentrationstnot flected'by-releases fromthe,RFP:From the 12 samples 

"analyzed .isotopically; 'the :mean w2'h ratio (was' 0.1552, &d ' the standard deviation' was . 

. . .  i ............. c . . .  . .  
-,;: . , , T .  . , _  , . .  . .  

. .  . . .  . . .  . . .  
. ,  .: : . 3 . -  . . ",'. . , I . ._ 2 .'.-, 

r y  of Backgrodd Plutonium in Soil nearthe Rocky Flats Plant .:. I . 
' 

. . .  . . . .  .,::, . ..,_ ?..,,,? ' , I . .  . I  >,*. :.,,- . . . . . .  .. :, ._ . . , .-. . I  '.. , .. 
._ . . .  

. .  . . /  
, -  . 2 . -  . 

,..I. , . _ I  i 5 . . .  ..'. 
. ;. I 

. ' ..In' summary, the'ineasiemen& ,perforp~ed by,NCAR; CDH, CSU,'&d-EG&G'(Tables Hf7, 
-H-8, H-9,'H-ll;hd H-12) indicak that'the: background mass concentration of.- ug*240pu,in surface 

soils (0.16 to. $cm [0.06 to  2jid.I 'depths) of e&em Eolorado is in the range of about 0.34.5 
' ."Bq kg-' (0.0084.i pci  g-'), al&&gh -only' one(&&:'$& $$eater 'than 3.3 .Bq kg-!;. The .wide 

,: . 
. . .  '.v&ability'in ... results .&y be'due to'the 'very shallow.surfa&layers 0f:soil:that were sampled and 

&itioh acrosi th<'liu-ge area coveted by. sampling. TO summarize ~ *the, spatid.pa&mi;of fallout 

b calculations- performed by;HASL;(and thei &ilysis.of :;HASL 
eed et al. [197l]):and'by CSU weused thevalues from Tables H-10 and H-11. For the 

:also. included one 'Standaid 'deviation ;or,.:one geometric .standard deviation 
(where available) to represent -likely ranges (Table .HllO). These.results'indicate that the total 

, . . . deposition - .  o and along the front 

* '  I . ,  

. . . . . . . . . . .  

.GREATER DISTANCES FROM 
'--THEROCKy.'LATSpLANT ' . -  . ' ' . 

.._. . . , . _ .  .- .- 

I' . . 8 .  , 

This section describes measurements of background soil concentrations of plutonium for 
locations farther from the RFP. While concentrations at great distances from the RFP may not be 
indicative of the background around the plant, they do provide some perspective as to how local 
background concentrations compare with -regional and global background. 

Purtymon et al. (1990) reports da6 on soil concentrations of plutonium in northern New 
Mexico and southern Colorio, which are in the saqe general region as the RFP, and within 5" 
latitude. In this study, six locations were. s q l e d  in 1981 and 1983, and nine separate locations 
were sampled in 1986. The locations were'all east of (or on) the conknental divide. The northern- 
most location was Monarch Pass, Colorado, about 160 km (100 mi) from the RFP, and the 
southern-most location was Santa Ana Pueblo, New Mexico, about 480 km (300 mi) from the 
RFP. Some of the locations are,.however, within about 32 km (20 mi) of the Los Alamos National 
Laboratory, which is a potential source of plutonium in the environment. The soil samples were 
composites made up of five subsamples, taken to a depth of 5 cm (2 in.). Alpha spectroscopy 
measurements were perform4 to obtain "8Pu and 2399%, which were summed to obtain total 
plitonium. On the average, but& less .-than 5% to the total plutonium activity 
measured. We only consider the 2393% measukments here for comparability with other 

..measurements. Concentrations of "9*240pu ranged from 1.2 to 81 fCi g-' (0.044 to 3.0 Bq kg-'), 
--with an average of 14 fCi g-' (0.53 Bq kg-') &d a standard deviation of 18 fCi g-' (0.66 Bq kg-'). 
The two highest values occurrd *for locations in high mountain passes on the continental divide. 
'As discussed earlier, higher values are expected for high mountain areas, and it may be 
reasonable to consider these locations grouped separately from the remaining locations. If these 
highest values are disregarded, the r e d d e r  cover the 'range of 1.2-19 fCi g-' (0.044-0.71 e 
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d above, Hollepm et al. (1987) provides an extensive compilation of datasets 
on worldwide fallout of plutonium from weapons ,tests. From this compilation, we e 
measured concentrations of 
deposition (becquerels per square meter) and mass concentration (becquerels per kilogram). 
Information about individual measurements is given in Table H-16, at the end of this appendix. 
Holleman et al. does not provide information about sample depths, but this is not necessary for 
our work. The timerthe samples were collected is not that important because the earliest date 

in soil in the US. values were given' in units 

0 

Colorado 
Florida 
Hawaii 1 1 1970 148 
Illinois 17 62 1970-1981 10.36 256.78 51 
Kansas 1 1970 I 89 
Maine 1 1 1970 63 
Massachusetts 1 1 1972 85 

Montana 1 1965 - 70 
New Mexico 0.0 0.78 0.28 

North Carolina 1 1 521970' 89 
Ohio 1 5 1974 0.114 1.528 0.28 

81 
85 93 89 

Utah 1 1 I - 1970 ' 96 

58 Wisconsin 1 1972 

Michigan 99.9 

New York 7 16 ' -1964-1973 67 . 99.9 84 

-- 

Washington 2 1970-1971 1.5 52 20 

a Min = minimum, max = maximum, and avg = ethmgtic average. Minimum and maximum values are taken from 
the source document (Holleman et,al.*1987), and the averages are calculated by us, in this present work. The values 
presented retain the number of significant figures used by Holleman et al., though we acknowledge that in some 
cases they are excessive. 

The samples' in Ohio were taken near the Mound facility, which processed plutonium; 
however, this facility handled primarily The very low values of deposition reported for 
Alaska are probably because of the more northerly latitude of Alaska. The single result for 
Hawaii is relatively high compared to other states closest in latitude (Florida and Texas). The 
elevated value may be due to Hawaii's proximity to some of the weapons tests in the Pacific and, 
thus, may reflect some regional (in addition to global) fallout. The minimum deposition value for 
Colorado (2.11 Bq m-2) does not appear to be a credible value; deposition this small seems 
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Table H-14. Summary of Deposition (Bq m-*) and Mass Concentrations (Bq kg-') 
in Soil in the Ukted States, by Latitude (from the Compilation in Hollernan et al. 1987) 

,. 
-Deposition' . Concentration' - .  

I 1 

.. 
Latitudeband ' Sites Samples Min Max ' *  Avg ' Sites Samples Min ' Max 1' 'Avg 

... . .  .... . . .  . . . .  . . . . . . . . . . . .  I -4 . , . .  - - .  . .  . . . .  
. .  - . ; _ i  . . 1  

33 . :37. , ,  35 .,, ,~ . .  , . .. : L ...47 *:.: .... 6 , , ' ' . I  ., 36 ' .', - i o '  .' 3 . .  o.78 ;'"o;d:28. g2.5 ON.! . 3 :3 \ , . 32.5-37.5 ON 5 '.7 . , .27 
37.5-42.5Ow '30 . .  91 . . . .  10 . . .  260 .-:.: .60' .'.'. ' 1  .:. i .x ';.>.'{:0.11 . ....:. 1.3.. :.O.B',: 

.. . . . . . .  . . . .  . . . .  .............. L' - ' 

A7.50Nd. .; .., 5. ....,' . I  .: 1.2 34. 13 . . . . . .  . . . . .  

". ..Mink midmum,'&-= maxi'mum, h d  avg='arithmetic average. Minimum and maximum valueS are taken frqm . : 
the source document ( H o l l e w  et al. 1987j. and,me averages y-e calcul+d by.us, @ this p!tsent.work. . . . . . .  

. . . .  . . . . . . . . . . .  . :.. . : ,  . . . , ,  42.w7:5 ON 7 .5 :> 10 .:,1.5 .: 93 .37 .'. 
. . .  . . . . .  . . . .  . . . . .  . .  

! 

. .  

.b The single result for Hawaii knot included in this,summary, because the value is probably not repkentative of '- - . . 

Because global fallout deposition is correlated with latitude in the northern hemisphere, we 
also summarized the u9% measurements by latitude bands. We centered the bands around 
latitude 40 ON because that is the approximate location of the RFP. Table H-14 shows this 
summary. 

CONCLUSIONS ON BACKGROUND PLUTONIUM IN SOILS 

From the studies presentea here, the measured levels of plutonium in soil around the RFP 
and around the U.S. are compared in Table H-16. (We acknowledge that this is not necessarily a 
complete compilation of such data.) Figure H-6 compares the total plutonium deposition for 
background locations around the RFP to locations in the U.S. at similar latitudes. The range of 
measured deposition of 239*% around the RFP (40-120 Bq m-2, or 1.1-3.2 mCi kn~-~)  is within 
that seen for other states in the 37.5-42.5 ON latitude range (10-260 Bqm-2, or,0.27-7 
mCi km-*), although they tend slightly toward the higher end of measured concentrkions. The 
measured mass concentrations of 239*2% around the RFP (<0.3-4.5 Bq kg-', or 0.008-0.1 

i 

I 

i 

i 

pCi g-') exceed (slightly) the ranges of values seen in N~w;M&c~co &d Ohio measurements (0- 
3.0 Bq kg-', or 0-0.08 pCi g-I). Many of the lowest values for the U.S.-are for locations, such as 
Ala&, .'not., in the .' Gddle .latitudes. Thus, it .- ap-. that while -.me&ured background 
concentrations of .plutonium soil Gound ';he> RFT:.&nd, . . -  . &'be, . _ _ _  . ,  higher ;t&j background 
concentrations for many ,locations, they are still within the ranges observed'. k .other states at 
similar latitudes. 
. . Some important characterjstics related to .plutoniq @ soils sbould be considered in 

: evaluations . of soil sample. results : around the . RFP. ' .The, me&t&ment technique, and more 
specifically the plutonium isotopes actually .measurd, should be detebhed? Essentially all 
measurements of ''??I$' are actually measurements' of ??.%' &cause alpha spectroscopy is 

may ..be feasible to determine .more accurat&. whether the. soyrce of ,the plutonium is truly 
background or if it has been influenced by RFP sources. When comparing samI;les near the RFP 

. . . . . . . . . . . .  . .  ..........._ . . .  . _  . . . .  

i 
i 

. commonly used for the analyses, If isotopic res&, such &-the &e avtiilable, it i 
i 1 . .  , . _  . '  

. .  c i  
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trends in the global fallout of plutonium from nuclear weapons testing. Finally, depth 
distributions of plutonium, particular sampling 

[0.4 in.] or7so) are pro- Or analysis. soil s 
at exlsts in the soil column. 

Quantitative comparisons between resul th widgiy disparatk sample 

, .,- ! . generally 'not representative o 

il 

D 
0 

4 2 . 5  "NLatitudea ,'.. 

150 j- 4 
- Estimates of Backg Around the RFP .: United States, 

- 
U !2 - 
-5 100 
- -- 
cn 
.- 

- -  - _ -  

a 

-HASL DOW HA 
0 

around the RFP with levels in the U.S. at similar latitude. Data are described in this appendix. 
Notes: (a) single location, in 1965, (b) examined distribution of measurements from 1970, (c) 
used %=%I ratios for samples from 1971, (d) used 24opu/23%1 ratios for samples from 1972, 
(e) samples from 1992-1994,0-3cm (0-1.2-in.) depth, with depth distribution model, (f) from 
compilation of numerous measurements. 
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Alaska 
Alaska 
Alaska 
Alaska 
Alaska 
Alaska 
Alaska 
Alaska 
Alaska 
California 
California 
California 
California 
California 
Colorado 
Colorado 
Colorado 
Colorado 
Colorado 
Colorado 
Colorado 
Florida 
Hawaii 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois-- 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
I1 1 in o i s 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 

_ _  _ _  - 

Anaktuvuk Pass 
Anaktuvuk Pass 

Oakland ' 

San Francisco 
San Francisco 
Denver 
Denver 
Denver 
Denver 
Denver 
Denver 
Denver 
Ft. Pierce 
Papaikou 
Argonne 
Brookfield 
Brookfield 
Brookfield 
Brookfield 
Brookfield 
Channahon 

Channahon 
Channahon - DownersGrove 
Downers Grove 
Dresden Lock and Dam 
Dresden Lock and Dam 
Dresden Lock and Dam 
Dresden Lock and Dam 
Dresden Lock and Dam 
Hinsdale 
Hinsdale 
Lemont 
Lemont 
Lemont 
Lemont 

"ChannahoiT - - ~ -- 

,.' : .  . . .  
. . ( .  . .... , .  

. .  

.. .:. 

. .  , . .  . . . .  

' . '  i .  . . . . . . . . .  
c :  . :  . '  . . .  

, .:. . . . . .  
. .  

. .  

- ~ =-- ~. 

. . .  

. .  

Table H-16. Individual Measurements of u9J4!Pu in Soil in the United States 

4 1.26 
41.26 
41.48 
41.48 
41.20 
41.20 
41.20 
41.20 
41.20 
41.48 
41.48 
41.40 
4 1.40 
41.40 
41.40 

Jun 1980 
Jun 1981 
Jun 1979 
oct  1981 
Oct 1976 
Oct 1978 
Oct 1979 
Oct 1980 
Oct 1981 
Oct 1974 
Jun 1976 
Nov 1974 
Oct 1978 
Jun 1980 
Oct 1981 

19.61 
.'25.2 

18.5 
29.2 
74 
45.1 
15.91 
10.36 . 
41.8 

127.65 
81.4 
56.61 
21.5 
19.61 
23.7 

DRAFT 

37.47 Oct 1972 30.00 
37.47 Oct 1972 ,30.00 
37.48 Oct 1972 34.00 
37.48 Oct 1972 j 37.00 
39.43 Sep 1965 56 
39.43 Feb 1970 2.9 
39.43 Feb 1970 40.7 
39.43 Sep 1970 65 
39.43 Sep 1970 2.11 
39.43 Oct 1970 67 
39.43 1970 67 
27.27 1970 37 
19.47 1970 148 
4 1.43 1970 78 

41.49 Oct 1974 65.86 
41.49 Jun 1976 70.3 
41.49 Jun 1979 36.63 
41.49 Oct 1980 49.21 
41.26 Jun 1978 49.6 

-41.26 - =  -Juri 1979-. . - -31.08 

41.49 Sep 1972 57.35 

~ 
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Table H-16. Individual Measurements of u9*u in Soil in the United States, 
from the Compilation of Holleman et al. (1987) (continued) 

Illinois . 
Illinois 
Illinois 
Illinois 
Illinois 

Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
I1 1 in o i s 
Illinois 
Illinois 
Illinois 
Kansas 
Maine 
Massachusetts 
Michigan 
Montana 
New Mexico 
New Mexico 
New Mexico 
New Mexico 
New Mexico 
New Mexico 
New Mexico 
New Mexico 

niinois 

McGinnis Slough 
McGinnis Slough 
McGinnis Slough 
McGinnis Slough 
Mckinley Woods State Park 
Mckinley Woods State Park 
Mckinley Woods State Park 
Mckinley Woods State Park 
Mckmley Woods State Park I 

Mckmley Woods State Park 
Mckinley Woods State Park 
Moms 
Morris 
Moms 
Moms 
Moms 
Moms 
Naperville 
Naperville 
Naperville 
Naperville 
Romeoville 
Romeoville 
Saganashkee Slough 
Saganashkee Slough 
Saganashkee Slough 
Saganashkee Slough 
Starved Rock State Park 
Starved Rock State Park 
Starved Rock State Park 
Starved Rock State Park 
Starved Rock State Park 
Western Springs 
Western Springs 
Willow Springs 
Willow Springs 
Willow Springs 
Woodridge 
Woodridge 
Manhattan 
Orono 
North Eastham, Cape Cod 
St. Joseph 
Bozeman 
Bernalillo 
Bernalillo 
Bernalillo 
Bernalillo 
Bernalillo 
Bernalillo 
Bernalillo 
Chamita 

41.39 Sep 1972 
41.39 May 1974 
41.39 Oct 1978 
41.39 Jun 1980 
4 1.45 Jun 1972 
4 1.45 Oct 1974 
41.45 Jun 1976 
41.45 Oct 1978 
41.45 Oct 1979 
41.45 Oct 1980 
41.45 Oct 1981 
41.22 May 1974 
41.22 May 1974 
41.22 Jun 1978 
41.22 Jun 1979 
41.22 Jun 1980 
4 1.22 Jun 1981 
41.47 Jun 1972 
41.47 May 1974 
41.47 Jun 1978 
41.47 Jun 1981 
41.39 Oct 1978 
41.39 Oct 1981 
41.41 Jun 1972 
41.41 May 1974 
41.41 Oct 1978 
41.41 Jun 1980 
41.19 May 1974 
41.19 Jun 1978 
41.19 Jun 1979 
41.19 Jun 1980 
41.19 Jun 1981 
41.47 Jun 1979 
41.47 Oct 1980 
41.50 Oct 1976 
41.50 Jun 1978 
41.50 Oct 1979 
41.46 Oct 1979 
41.46 Jun 1981 
39.1 1 1970 
44.53 1970 
41.52 . Oct1972 
42.06 . Oct 1976 
45.41 Sep 1965 
35.30 Jull974 
35.30 May 1975 
35.30 Oct 1975 
35.30 Apr 1976 
35.30 Oct 1976 
35.30 Mar 1977 
35.30 Oct 1977 
36.00 Jull974 

72.52 
80.3 
42.5 
.22.57 
40.7 
77.7 

114.7 
54.8 
35.52 
20 
69.2 

, 75.85 

52.2 
32.56 
27 
17 
55.5 
94 
57.7 
24 
57.3 
44.4 
77.33 
72.52 
27 
21.83 
76.22 
43.3 
3 1 .08 
17.39 
43.7 
35.9 
24.8 

107.3 
27 
30.71 
32.56 
30.3 
89 
63 
85 
99.9 
70 

' %256.78 

. .  . 

... I -  . . 
. .  . . .  

. .. . .  
; ..' : , 

'. .;. 
~: I, . _.... 

. , .' . . 

... '. 
. I  

' .  . 
. . .  . 

. I  

. . .  . .  . . ._. 
, .  . . .  

. ; .  

. .  

0.22 
0.44 
0.04 
0.15 
0.07 
0 
0.07 
0.22 

I 

\ 
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New Mexico 
New Mexico 
New Mexico 
New Mexico 
New Mexico 
New Mexico 
New Mexico 
New Mexico 
New Mexico 
New Mexico 
New Mexico 
New Mexico 
New Mexico 
New Mexico 
New Mexico 
New Mexico 
New Mexico 
New Mexico 
New Mexico 
New Mexico 
New Mexico 
New Mexico 
New Mexico 
New Mexico 
New Mexico 
New Mexico 
New Mexico 
New York 
New York 
New York 
New York 
New York 

New York 
New York 
New York 
New York 
New York 
New York 
New York 
New York 
New York 
New York 
New York 
North Carolina 
Ohio 
Ohio 
Ohio 
Ohio 
Ohio 
Ohio 

-- -NewYork - 

Chamita 36.00 
Chamita 36.00 
Chamita 36.00 
Chamita 36.00 
Cochiti 35.45 
Cochiti 35.45 
Cochiti 35.45 
C o c h i t i 35.45 
Cochiti 35.45 
Cochiti , *, 35.45 
Embudo 1 3 36.00 
Embudo 36.00 
Embudo 36.00 
Embudo 36.00 
Embudo 36.00 
Embudo 36.00 
Embudo 36.00 
Jemez 35.45 
Jemez 35.45 
Jemez 35.45 
Jemez 35.45 
Jemez 35.45 
Jemez 35.45 
Jemez 35.45 
Otowi 35.50 
Otowi 35.50 
Otowi 35.50 
Bronx 40.49 
Bronx 40.49 
Brookhaven National Laboratory 40.54 
Brookhaven National Laboratory 40.54 
Brookhaven National Laboratory 40.54 
Brookhaven National Laboratory - 40.54 
Brookhaven National Laboratory 40.54 
Brookhaven National Laboratory 40.54 
Brookhaven National Laboratory 40.54 
Brooklyn 40.42 
Fordham University 40.51 
Fordham University 40.5 1 
Fordham University 40.5 1 
Kitchawan, Westchester County 41.15 
New York 40.43 
New York 40.43 
Teatown, Westchester County 41.15 

Miamisburg 39.38 
Miamisburg 39.38 
Miamisburg 39.38 
Miamisburg 39.38 
Miamisburg 39.38 
Miamisburg 39.38 

Raleigh 35.47 

Tab1e.H-16:Individual Measurements of ’39?”Pu in Soil in the United States, 

D9*240pu concentration 

, State Location Latitude(%) Date Bqm-2 Bq kg-’ 

Oct 1976 
Mar 1977 
Oct 1977 0.56 
Jul 1974 0.04 
May 1975 0.04 
Sep 1975 0.44 
Apr 1976 0.07 
Oct 1976 0.26 
Mar 1977 0.7 
Oct 1977 0.04 
Jul 1974 0.44 

Oct 1977 0.78 
Jul 1970 92.5 
Aug 1970 81.4 
Sep 1970 96 
Sep 1970 78 
Nov 1972 99.9 

- Nov 1972 ~- 91.8 

May 1975 0.22 

- -  -. - ~ __ 
-1 - --_ - _  ~ 

Nov 1972 
Nov 1972 
1972 
Nov 1972 
Dec 1969 
Jan 1970 
Jan 1970 
Jun 1973 
Dec 1964 
1970 
Jun 1973 
1970 
Oct 1974 
Oct 1974 
Oct 1974 
Oct 1974 
Oct 1974 
Oct 1974 

90.6 
81 
88.8 
78 
74 
81.4 
96 
70.3 
67 
96 
70.3 
89 

0.177 
0.222 
0.166 
0.269 
0.206 
0.171 
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Table H-16. Individual,Measurements of u9’?Pu in Soil in the United Sbtes, 
from the Compilation of Holleman et al. (1987) (continued) 

u9J% concentration I. 

I . ... 
state Location 

Ohio Miamisburg 
Ohio Miamisburg 
Ohio Miamisburg 
Ohio, * Miamisburg 
Ohio ‘ Miamisburg 
Ohio Miamisburg 
Ohio Miamisburg 
Ohio Miamisburg 
Ohio Miamisburg 
Ohio Miamisburg 
Ohio Miamisburg 
Ohid Miamisburg 
Ohio ‘ Miamisburg 
Ohio ~ Miamisburg 
Ohio Miamisburg 
Ohio Miamisburg 
Ohio Miamisburg 
OhiO Miamisburg 
Ohio Miamisburg 
Oklahoma Tulsa 
South Dakota Rapid City 
South Dakota Vermillion 
Texas Kingsville 
Texas Weslaco 
Utah Salt Lake City 
Washington Hanford Reservation 
Washington Hanford Reservation 
Washington Hanford Reservation 
Washington Hanford Reservation 
Washington Hanford Reservation 
Washington Hanford Reservation 
Washington Puyallup 
WiSCOIlSin Lake Delavan 

Latitude (“N) 

39.38 
39.38 
39.38 
39.38 
39.38 
39.38 
39.38 
39.38 
39.38 
39.38 
39.38 
39.38 
39.38 
39.38 
39.38 
39.38 
39.38 
39.38 
39.38 
36.09 
44.05 
42.47 
27.3 1 
26.09 
40.46 
46.50b 
46.50b 
46.50b 
46.50b 
46.50b 
46.50b 
47.11 
42.38 

Date 
Oct 1974 
Oct 1974 
Oct 1974 
Oct 1974 
Oct 1974 
Oct 1974 
Oct 1974 
Oct 1974 
Oct 1974 
Oct 1974 
Oct 1974 
Oct 1974 
Oct 1974 
Oct 1974 
Oct 1974 
Oct 1974 
Oct 1974 
Oct 1974 
Oct 1974 
1970 
Sep 1965 
1970 
1970 
1970 
1970 
Feb 1971 
Feb 1971 
Feb 1971 
Feb 1971 
Feb 1971 
Feb 1971 
1970 
Oct 1972 

Bqm-’ Bq kg-’ 
0.256 . 

-0.171 
0.2 
0.129 
0.17 
0.135 

: 0.207 
0.114 
0.174 
0.191 
0.179 
0.18 
0.19 
0.14 
0.213 
0.208 
0.16 
1.214 
1.528 

81 
93 
85 
36.6 
32.6 
96 
19.20 
28.10 
24.00 
8.1 
1.5 
7.8 

52 
58.46 

The values presented here retain the number of significant figures used by Holleman et al. (1987). 

show the estimated latitude here. 
’ The latitude given in Holleman et al. (1987) appeared to be an error. We have estimated the latitude from maps, and 

I 
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Table H-17. Units Conversion Factors 

by: 

Units of activity 

Multiply value with units of: To obtain value with units of 

dpma 0.0167 Bq 

pCi 0.037 Bq 
pCi 2.22 dPm 
pCi 1000 fCi 
fCi 3.7 x 10" Bq 
f c i  0.001 pCi 
Ci 37 GBq 
Bq 60 dPm 
Bq 27 pCi 
Bq 27,000 fCi 

dPm 0.45 pCi 

Concentration units: activity per mass 

dpm g-' 16.7 Bq kg-' 
dpm g-' 0.45 pCi g-' 
pCi g-' 37 Bq kg-I 
pCi g-' 2.22 dpm g-I 
fCi g-I 0.037 Bq kg-' 
Bq kg-' 0.060 dpm g-' 
Bq kg-' 0.027 pCi g-' 
Bq kg-I 27 fCi g-I 

Concentration units: activity per area 

mCi km-2 37 Bq m-* 
Bq m-' 0.027 mCi km-2 

- . 

Concentration units: activity per liquid volume 

dpm = disintegrations per minute. 
Example: The following is an example of using this table of units conversion factors. If you have a value 

of 120 Bq kg-I and wish to convert to units of pCi g-', look in the first column to find the units 
you have (Bq kg-'). Look in the third column to find the row that contains the units to which 
you want to convert (pCi g-'). Use the conversion factor in the second column that corresponds 
with that row. In this example, that row of the table shows a factor of 0.027. Multiply the 
starting value (120) by 0.027 (120 x 0.027 = 3.24). Thus, our starting value of 120 Bq kg-I is 
equal to 3.2 pCi g-', with rounding. 

DRAFT Risk Assessment Corporation 
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. The results are summarized in 

\,,,,,----------------- 

0 400 800 1200 1600 2000 
Number of Years from year 2000 

5 1  

: Plutonium (Kd = 5350 mL g-l) E - x 
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- - - _ _  - 
n 

5 0.7 

n 

3 0.6 
I- 

- 
Q 
U 

- 
0 400 800 1200 1600 2000 

Number of years from 1971 

Figure D-1. The ratio of the total dose for a given year to the maximum total dose for the 
simulation, as a function of time from the start of the simulation. 
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D-2 .Radionuclide Soil Action Level Independent Review 
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The doses are proportional to the a r t io~i  ty present in the surface soil compartment. 
Depletion of activity from this compartment is a function of the water infiltration rate and the 
distribution coefficient (Kd);. Ldw Kd values result iri higher l&h'rites axid, therefore, more rapid 
depletion of the surface soil. Rapid depletion of the surface soil via leaching is illustrated in the 
case of uranium (top graph): Total dose drops off quickly-with time and then approaches a more- 

1 or-less constant level around 200 years. and remains constant for about 1400 . y q .  After that 
(year 1600), doses again drop off quickly. The flat area of the uranium curve reflects $e 
contribution to the total dose from the groundwater pathway. The plutonium curve (lower graph) 
shows a much more gradual decline for the time frame considered because the high Kd for retards 
its movement fromthe surface soil: This retardation also increases the transit times in the vadose 
zone. As a consequence, plutonium does not reach the aquifer during the time frame of ,interest 
and exposure via the groundwater pathway is zero. . ,  
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APPENDIX E 

'. This limit is stated to be equivalent to a total 

rem-') (ICRP 19'91; EPA=1994;-:hskin and 

risk coefficient ranges.frorn a factor of 4 
about twice the nominal valuer(95* 

sv-' to 8.8 x s 

Thus, for a 70-year lifetime exposure, the lifetime risk will be about 5 x 10"'. This exceeds the 
lifetime risk of 3 x lo4 cited in the CERCLA requirement3,'probably because at the time that the 
effective dose was defined (ICRP 1991), the basic risk coefficient was determined to be larger 
than previously considered (i.e., 5 x Sv-' versus 2 or 3 x IO-' Sv-I). We will assume that a 
70-year exposure at 15 mrem y-' effective sults in a lifetime risk of up to 5.3 x lo4, with 
an uncertainty range from 1.3 x 1 O4 to 9.1 

Plutonium-239 does not distribute uniformly throughout the body following intake. The risk 
from plutonium is quite different and must be established separately. In a recent report ofRisk 
Assessment Corporation (RAC) entitled Assessing Risks of Erposure to Plutonium (Grogan et al. 
1999), the risk from plutonium exposure was examined using'four different methods. The results 

-- - _  - -  - - of these fo-wmethods were combined weighting each according to its intrinsic merit. This - -  - -  - 
assessment indicated that the risk was entiatCd% fou? org-ans or-tissues:. lung,=liver, bone, 
and bone marrow. These accounted for approximately 97% 'of the total: risk; the remaining 3% 
was distributed in all other organs. The total risk associated with a given effective dose was 
determined to be 30 x Gy-' (or 30 rad-') with about a factor of ~5 uncertainty in either 
direction, Le., from 7 x Gy-' (2S* percentile) to 170 x 10-2?Gy-' (97.5* percentile) (Grogan 
et al. 1999). The median value (30 x Gy-') corresponds to a total risk of 1.5 x Sv-' (or 
1.5 x 1 0"' rem-') when an average relative biological effectiveness factor of 20 is assumed for all 
organs. Thus, for a 15 mrem y-' effective dose from plutonium, the lifetime risk would be 

-6 -1 15 mrem y-"x 1.5 x Sv-' x Sv rem-' x mrem rem-' = 2.25 x 10 y . 
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i 
For a 70-year lifethe exposure, this risk,will be 1.6 x lo4 with an uncertainty range. from 3.7 x 

' The median risk from plutonium exposure is about 1/3 of the risk from whole body exposure 
to a'bhiiomly :dii'stiibuted 'rkdionuclide, such as tritium; By iniplication, ,the "permitted'? risk (3x 
lo4) is that associated with whole body exposure of 15 mrem y-' for a lifetime. Calculating an 

' . +, R!L4L:.for a nonunifomly distributed .radionuclide-(i.e.,- plutonium) with a,risk coeffjcient that is 
: . . . .  .lower ,,than ,the; ,esk :.we,fficientiassumql .for.-estqblishing the ,dose-l&it: means that .the RS&s 
:,calculated for::the ,prescribec!-dose ;(i.e., :15 .mem) may 'only account for :1/3 of.,the "perqitted" 

. ' .  . nsk. This sugges@&at, as.;much;as.2/3 of @e perrnil?ed.r/sk.euld.be,available'for the risk due to 
....o &er.radionuclides.:that might .be-present (e.g., yragium:and .triti,um at ,Rocky Flats) or for the risk 
!due to3;other .expos&e; pathways,' such & the water pathway, while still .accounting for ' .. the' -.~.>.. risks 

esjn. the plutoniumirisk coefficients, the risks .at the 95? . . . . . . . . . . . .  percentiles .of the distributions 
:,exposure,&d plutonium eqosire, are ,emparable.,: . . .  .; . . . .  

orlcgmparison, ,the lifetime :risk ~ permitted by :the U.S, Environmental Protection Agency 
-r(EPA)~-~for~domestic.radon-:levels (41.pCi,LT1)t~o@ to..about 2%: .(2,x lo-*) (EPA and DHHS 

., ' 1,986), which is about a factor of -40 'largeF,t&n'-.the, 5 .. x ::lo4 . .  lifetime. risk for..a, whole body 

10-5 to 9 x .IO4. 

. .  

. .  . : . .  ..! .,~so.~iated~~:~ith.i,plutonium .exposuye., ;However,, ,it: ,sho.uld be noted &at because. of. $he ..larger 

. . . . . .  , .  

. . . .  
. .  . . . . . . . . .  . . I ( .  ...- . .  

exposure of 1 5 'mrem y-1: 
",. ? , . ' > ,  , . -  . . 5 . .  I .  

. .  
. . .  

. .  
. E.1 SUMMARY 

. .  
. .  

..... . . . . . . . .  . . . . .  . :  . . . . . . . .  2 . :  
. .  

. . . .  . . '  
. *  . .  

..;i..:The lifetime risk from:plutonium exposure at 15 mrem y-' for 70 years will be on the order 
to .9 x lo4 (2Sh to 97S* of.d:6;~x lO?-;;:With an -uncertainty range from about 3.7 x 

. .  .:percentiles of distribution). . .  
. . .  . \ I  

. *  . . :  . .  . _ .  , .  . 
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TASK 5: INDEPENDENT CALCULATION 

RESPONSES TO COMMENTS ON DRAFT REP0 . .- 

INTRO 

In response to our draft report “Task 5 :  Independent Calculation,” comments were received 
from anonymous peer reviewers as well as from panel members and the publi 
we present these comments and respond to them. Most\of these comments 

lped RAC to identify some elements of 
the result of these comments, RAC 

its final version in February 2000. 
Each set of comments is divided by a header that identifies from wh 

Each individual comment is responded to by RAC in text following the c 
warrants a change to the final report, that change will be made 

. _ .  * I  

PEER REVIEW COMMENTS 

Reviewer A 

General Comments 

1. I feel that this is, overall, an excellent piece of work. The authors have been very responsive 
to previous review comments, and they have used innovative approaches and mostly sound 
logic to extend the state of the art for this type of calculation. This is not to say that the 
report cannot be improved even further. I think a few more considerations, discussed below, 
are warranted before this is finalized. 

Some things that are particularly impressive about this work include the degree to which it 
has attempted to use and integrate existing, site-specific soil data from previous research, the 
use of air monitoring data to refine resuspension estimates, the use of the newest inhalation 

2. 

- .  - _ _  . _ _ _  - and- ingestion do% factors, the front-end . . .  Monte Carlo driver to RESRAD to obtain 
probabilistic results, the-more than pedes6ian modifiers to RESRAD,=dd agenerally-clear *-- = = -- - 

specification of what considerations were or were not utilized in the conduct of the work. 

RAC thanks this reviewer for the above comments. It was certainly our goal for this work to 
reflect site-specific information to the fullest extent possible. 

3. Some things that I think require further consideration include the initial effects, timing, 
magnitude and duration of secondary impacts of a prairie fire on resuspension and water 
erosion; the surprising effects of irrigation on actinide mobility (leaching and resuspension); 
and the surprisingly high ingestion doses for some scenarios (as compared to inhalation). 
These concerns are further explained in the specific comments. 

We will address these concerns as they arise in the specific comments. 

~ ~~ 
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Responses to Comments on Task 5 :  Independent Calculation 

4. A critical reading of this report requires, especially, the Task 3 report entitled “Inputs and 
assumptions”. One suggestion would be to combine the Task 3 and Task 5 reports, or 
alternatively and perhaps more easily, to include a chapter or appendix in‘the Task 5 report 
which summarizes the input paranieters and assumptions used in the computations so they 
can be easily referred to. This would be particularly useful in trying to better-understand 
and rationalize . .  the “surprises” noted in General Comment 3. 

We will not combine the Task 3 and Task 5 reports, nor will we make Task 3 an appendix to 
ask 5 .  The prhkiry reason for this is that the reports will be combined in the final report for this 
oject. This final report will summarize the project as a whole and will include, as attachments, 

‘ 

each of the Task reports. It would double our effort to combine the reports at this time. 

Specific Comments 

1. It appears to me that the effect of a prairie fire as considered in the report was the removal of 
vegetation cover and a subsequent increase in the rate of resuspension. It does not appear 
that the release of actinides during the bum itself was evaluated. Previous research gives 
estimates of the amount of Pu in vegetation and organic litter. I would think that using such 
information, a “bounding” calculation could be performed to estimate the upper limit 
perhaps of the release during the bum. Research on this issue has not been performed as far 
as I am aware, so there is much uncertainty on this topic resulting from a lack of knowledge. 
Obviously, the area covered by the bum, as well as the specific location, would be major 
determinants of the magnitude of the release, so these factors would require a reasonable 
treatment, perhaps a stochastic one. 

The question of the mobilization in smoke of plutonium attached to grass and litter is a 
completely legitimate and important one, and many of the ingredients for carrying it out are 
available. Our decision not to treat this question in this report was based on the time available for 
performing the calculations and developing explanations and justifications for the assumptions. It 
seems to us that this component of potential exposure calls for yet another scenario for one or 
more individuals living off site, say east of Indiana Avenue. It would be necessary to modify the 
programs that estimate air concentrations. It would also require substantial extra effort to 
incorporate results of this special calculation into the RSAL scheme, because we thought it 
unlikely that we would be permitted to stop with estimates of dose for such a scenario. The fact 
that it was not practical to include this calculation in the present report should not be interpreted 
as a disparagement of its importance or potential interest, and we will bring this out in the 
recommendations. 

2. I would think that the timing of a prairie fire would be very important in determining the 
intensity of the bum and the duration of the bare-soil condition. An early season fire, for 
example, would have less and greener biomass, and offer the possibility of recovery and 
recolonization of vegetation prior to the end of the growing season. A late growing season 
fire would have more and drier biomass to feed upon, leading to a hotter fire, and there 
would be little opportunity for revegetation until late the following spring. Also, the size of 
the area burned would affect the potential for resuspension and water erosion, as well as the 

. .  
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I -  - I _  _- 

% .  natural recovery rate of the vegetation. Such factors might be considered in the analysis of 
the effect of fire on dose to people. I am certainly pleased that the authors brought this issue 
up in their analysis, but the analysis suffers from the over-simplicity of the treatment, and 
the lack of relevant research. 

We agree with the reviewer’s points. What they implicitly outline is a somewhat more 
. elaborate fire model than was carried out for the draft. The fire model for the final report will be 

ment ‘for increasing L e  resuspension flux by a factor of about 200 based on data 

Q 

more realistic. We will try to add some explanation of the shift toward the ingestion pathways. 

from other sites (p. 5-15) is not particularly convincing to this reviewer, since 
vegetation removal is likely to be modified by other factors such as topography 

I other effects of the fire such as depletion due to releases during the fire, plant resin releases, 
in bulk density of the surface soil due to loss of organic matter, and intense 

ating. While lack of knowledge is compensated for to some unknown degree by choosing 
ge uncertainty bands, this analysis may or may not reasonably represent the actual event 
a fire. I think the only solution to this problem is to strongly recommend that some highly 

focused research on this issue be undertaken. 

We substantially agree (although some of the data were from this site). We did include a 
paragraph in Section 10 pointing out the potential usefulness of meteorological and dust- 
concentration measurements that might be taken at bumed fields in the general vicinity of Rocky 
Flats. We will be happy to elaborate the call for the kind of research that might shed light on the 
fire scenario. 

4. The fire analysis appears to assume that the bum covers a very large area, perhaps all of the 
area east of the 903 Pad containing the bulk of the contamination. By assuming scenarios 
with and without fire, there will likely be a tendency for RSALs to be based on the fire 
scenario, since this is most conservative. I would prefer an approach where the probability 
of a fire, as well as the probability that it would cover various fractions of the most highly 
con-minated zones, is simply built into the probability distribution of the resuspension 
factor (which should be ;me-dependentto account forthe fire itself, the duration of the bare 
soil condition, and the re-vegetation phase). This way, two separate scenarios (fire vs. no 
fire) collapse into one basic scenario. This approach would require statistics on the annual 
probability of prairie fires from the Front Range region or from similar areas. I’m not 
certain whether such data exist, but perhaps county planners or fire departments would have 
some data on this. 

As noted above, our fire model will be elaborated for the final report, and fire events will be 

~~ 

-=_ L- - - -.-- - __ -- - -  I_ 
~~ 

treated probabilistically, incorporating the possibility of fire into every scenario. 

5. I like the analysis of the effect of time on the 0-3 cm inventory fraction using historical data 
sets (Fig. 4-1, p. 4-3). However, I am unclear as to whether the equation refers to the top 3 
or top 5 cm of soil. Is there a typo here or what? 

Risk Assessment Corporation ,.(, 

“Setting the standard in environmental health“ 



P 

4 Radionuclide Soil Action Level Independent Review 
Responses to Comments on Task 5 :  Independent Calculation 

The curve refers to the top 3 cm, but some of the datanot used in the curve-fitting operation . 
are for other depths. 

6. 

dashed line refers to a data set for a 5-cm sampling depth. . 
. 1 -  

On p. 4-8, 2"d paragraph, next to last line, "exercise" is misspelled. 

* Thank you for pointing out this error. The spelling will be corrected in the final version of 
- I  , 

- 10,4* paragraph, last line: I think "7 x 1 03" should be "7 x 1 03", correct? 
. I  

. .  

. .  
. . .  .. . . .  

.. .. . . .  .. . . .  

.. . , .  
.. . . .. 

. .  

  hank you for noting this error. 

-1,' 2"d paiagraph, 'it is noted that changes in the dose coefficients for inhalation and 
n'lead. to'."substantial'' changes in the .relative importance of .these pathways. I 
ke'to see a'imall table 'id the report, showing.the old andmew dose coefficients, so 
reader.'would have .a ,more quantitative idea of just how large these changes are. 
'important, 'because many likely to be surprised, as I was, about the relative 

' * .I 

. .  _ .  . . . .  
' . . '  I...' :..; . _. . .  . . , .  ', 

. .  
, .. . .  importance of ingestion outlined in chapter.8. ' ' 

. .  

.:' ' .. :This table was .shown in the Task 3 report, but we take this reviewer's point that it would be 
'. -val@ible' to. see it again at this point in the Task.5 report. We will copy this table from the Task 3 
.'.rreport and insert3 at this location in Task 5. 

. .  . . , ' 2  ,. , .  

9. 

'. '.' . 

The approach used to estimate resuspension, calibrating to real data, was very impressive 
and .the observed vs. predicted graph for air concentrations (Fig. 5-1, p. 5-8) gives the old 
skeptics like me a lot of comfort. 

. .; 
. .  . .  

. .  :- :'We appreciate this comment. 
I. . . 

. .  
' . .  40; In'Table 5-1, p. 5-2, a bulk density of 1.3 g cm" for the top 1 mm of soil is probably too 

high, because 'this layer contains'a large amount of organic matter and un-decomposed litter 
which is very light (see Webb et al., 1997, p. 11-4). 

_ I _  . -  
. .  

. I 

. .  " ' ''. - '  .In the context of.the aflefmath of a fire, which is where the value is used for converting 

. 'resuspension factors toresuspension rates (Section 5.3), the value seems more reasonable than it 
".>might for unburned soil. There is some difficulty in deciding exactly what we mean by the top 1- 
.' mm layer of soil. 

.'. :11.' ,'In chapter 6, the RESRAD approach to resuspension is explained. However this work used 
an entirely different, and I think better; approach. My question is then, what is the utility of 
this chapter, especially since some people skimming over the report may see this and then 
conclude that.the RESRAD default was the approach used here? Am I missing something? 

We will keep this comment in mind as we revise the report. 

.. 

-. . 
, , .. 

. .. . . .  . .  

. .  
. .  

. .  

. . .  

. .  
. .  
. . 
._ . .. . . ~ ,  

. :. . 

. , 
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ion of activity from the soil surface 
and the I?, value. Research at CSU 

shown in the laboratory that hundreds of years of simulated rainfall through soil columns 
es not budge p@icle-bound actinides. Rather, physical processes such as soil cracking 
m drying, animal movements, plant roots, etc. appear much more important determinants 
the ra& of depletion of the soil surface activity. Even dust fall tends to dilute and thus 
eplete” the concentration of actinides at the soil surface.. Of course, water movement 

small particles (and their actinide burdens) downward, 

tated conclusion, namely that tacitly 
d by &, as a surrogate for the dominant 

at best, and is possibly misleading. It is 
ss-level models, to work with explicitly 

them (see G.G. Killough, S.K. Rope, B. 
athering rate parameters for uranium in 
ntal Radioactivity 45 (1999): 95-1 18). 

owever, we have stated a number of times throughout this project that we did not intend to 
ensive groundwater assessment and were looking at the pathway only to 
1 for dose. We have stressed to the panel the importance of continued research 

13. On p. 7-4, the risks due to cleanup are mentioned. While this was not considered in the 
RAC study, I think it is an issue of great importance and relevance to RSAL values. 

We agree and feel that the panel should carefully consider these issues. 

14. On p. 8-9, it is stated that irrigation with 1 m y-’ will cause substantial leaching of actinides 
from the surface soil. This appears to lower resuspension and to increase the relative 
importance of ingestion pathways.. I have two problems with this logic. First, with the 
possible except@ f uranium, 1 don’t think irrigation alone will move the material down 
into the soil that ch.- Secondly, most of the &nkmination immediately east of the 903 
Pad is in very rocky soil (Webb et al., 1997, p. 11-4), which is not very suitable for tilling 
and growing irrigated crops. I think a grazing scenario is very plausible, however. As one 
approaches Indiana Street, the. soil becomes less rocky and a tillage/irrigation scenario 
becomes more plausible. Of course, tillage would effectively cover much of the surface 
contamination and result in lower resuspension rates of the actinides (after the dust settled 
from the plowing). 

The reviewer is referring to a discussion that tacitly accepts the RESRAD transport model 

. _  - 

‘ 

for the soil column, which must be interpreted as a surrogate for whatever natural processes are 
redistributing the radionuclides. As our response to comment # 12 indicates, we have misgivings 
about this approach. We can add some words of caution to the passage in question, but we have 
no time to modify the calculations, and it is not clear how they should be modified to reflect the 
reviewer’s doubts. 

Risk Assessment Corporation 
“Sefting the standard in environmental health” 
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s .  . .  . .  , .  .... . . _ ,  - 
. .. . 

. i  . I .  , .  . . .  .. . 

.. ,lS. . !The relative'imporhce of ingestion pathways, 'as. mentioned, is quite unexpected. I would 
..'!'..' like to Sek 'some rational explanation of this; otherwise the credibility of these results is 

' . ':'likely to suffer''1n addition to the higher ingestion and lower :inhalation dose factors, what 
crops are-envisioned,' and what were the planthoil CR values assumed? Were the vegetables 

. .' ' '.. !w$hed? What gbt'absorption values were assumed in the choice of ingestion dose'factors? 

. .,,. - . .. 

. .  . , . . .  ~ 

ingested by3he'rancher family we,produced on the local site? 
. .  ' I  I .  . . . ' .  , . ,  

The importance of the ingestion pathway surprised us, too. But there are several reasons why 
inhalation. First, the calibration of plutonium resuspension to 

ulted in lower .air concentrations 'relative to air concentrations 
d using the mass . .  loading factor '& wai'done in the original'DOE/EPA/CDPHE analysis. 
i t  is 'important to note that soil. ingestion accounts for about half the ingestion doses, and 

S a%'primarily&om foliar .aeposition Md not 'root uptake (at least for the 
s).. Third,.' liie .ICRP:-70 +ingestion dose conversion factors for. the plutonium 

, $e' subs$intially ;higherthan the ICRP -30 'ingestion dose conversion factors; 
e. :for'-the inhalation pathway '(see Table 11 '.atid 2 .below). Therefore, the 

' .  it became more important 
-.me&wed .a& concentration 

ore importint'in' the RAC analjy'Sis. . - . 

Rp 30 and 70 Inhalation Dose Conversion Factors used in the 

:. . .: . .  : ' - I - :  .:... , . , . . .  , 

, .  \ .  , .  , , ,  . :  , . . .  . .  . . ,  

Calculation of RSALs by DOE/EPNCDPHE and RAC 

. '  - ' ' .  '. ICRP-70 'ICRP-70 .'.ICRP 70 'ICRP-30 . ICW-30 ICW-30 % Differenceb 
fl (mrem/pCi) 

. .  
Nuclide Sol Class" ' fl;'. (mredpCi) Sol Class 

' .  234u ..S 0.002 0.03478 Y 0.05 0.132 -280% 
235u S 0.002 ' 0.03 145 . Y  - 0.05 0.123 -29 1 YO 

s . . 0.002 0.0296 Y 0.05 0.118 -299% 
- a  ..' "?Np. .. . . . s  . . .  i.;.':oiooo5 0.0444 .W 0.0 1 0.54 -1 116% 

': 2 3 8 h  : . ,  S . .  " 0.00001 0.0592 . Y  0.00001 0.288 73 86% 
' '  ': 0.00001 0.0592 . . . Y  0.00001 0.308 -420% . .'239pu 

. ' ,240pU , . . s. .>:. ~~0.00001 0.0592 . ,  Y 0.00001 0.308 -420% 
. 241pu i' . :S '.:.'..': '~0~00001~0.000629 Y 0.00001 0.00496 -689% 

y2pu . :." ' .: ':s "'0.00001 0.0555 .. :Y . 0.00001 0.293 -428% 
... a ' -.,s '= slow- . 

, .  

. .  
3 241pun : , :m ' : '  "0.0005 0.1554 w .. 0.00 1 0.444 -186% 

. . .  
' 'S 
,: , . 

* : , m = medium, f = fast - Dose conversion, factors for an adult 
. .,b., '(IC&-70.- I~:Rp;30)/ICRp:30 

. .,  . . !  .:. .:. I. :._.. _. _ _ I _  . - , , ... 
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I Table 2. Comparison of ICRP 30 and 70 Ingestion Dose Conversion Factors used in the 
Calculation of RSALs by DOE/EPA/CDPHE and RAC , 

fl (mrem/pCi) fl (mrem/pCi) 

.OOOO 1 0.0000496 94% 

.OOOO 1 -0.00005 18 94% 

.00001 0.0000518 . . 94% 

The scenarios described in Task 3 show that RESRAD limits the definition of crops to two 
ories: leafy vegetables and non-leafy vegetables. The soil-to-plant transfer factors for these 
were given a stochastic definition in Task 3, based on information from NCRP Report No. 

129. This’info+ation is given in Table 1 in the Task 3 report. The rancher’s family consumed 
‘100% of their food from food produced on the local site. Although this is another example of a 
reason to combine the Task 3 and Task 5 reports, we will refrain from doing this at this time, 
deferring to the later final report for the project, which will contain a combination of all of the 

reports. ~ 

16. I noticed that 

Y 
il ingestion rates used were not age-specific. I think there are good data 

available on typical age-specific soil ingestion rates. 

Our report on Inputs and Assumptions (Task 3) explained our approach to selecting the 
pa&neter values for soil ingestion. Soil  ingestion is difficult to- verify and-quantify, -and both= 
inadvertent and intentional soil consumption is seen worldwide, in all cultures and age groups. 

us soil ipgestion studies focused primarily on children, under fairly idealized 
during more mild seasons of the year. Nevertheless, more recent studies that have 

d uncertainty in their evalktions have recommended the same median soil ingestion 
rchildren and adults, with broader uncertainty ranges for soil ingestion by children than 

~ -- _ _ _ _ _  
- 

17. On p. 8-13, it is noted that soil and plant ingestion were treated as fixed parameters. I would 
think these should, if possible, be treated stochastically. 

We felt it was important to not treat the scenario parameters as stochastic. Environmental 
models and parameters represent something we do not control. Scenarios, on the other hand, are 
under our explicit control as hypotheses that we set, not real people. They provide a means of 
constructing criteria for interpreting the predicted radionuclide levels in environmental media. 

Risk Assessment Corporation - 
. /  

/ “Setting the standard in environmental health” 

Q 
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When we perform 'calculations, the calculations are ,really "about the uncertainty in the 
environmental media. 'It seems to us to be generally confusing; if not misleading, to mix 
environmental probabilities with scenario population statistics to make uncertainty statements 
about exceeding dose limits. 

18. The- limiting scenarios are based on fire, and this is likely 'to be a quite temporary effect. 
Shduld the dose limit be applied to a single year, even if doses in all other years were likely 
to be much lower? Would it be appropriate to consider some averaging, since dose limits 
basically relate to lifetime, probabilities of getting c m long-term exposures? 

The criterion presented to us was the maximum ose to a scenario subject. The 
question of whether this is the best criterion is not e ntific, and there may be other 
options that one might prefer. However, we accepted &e> maximum annual, dose criterion as 
given, just  as we have had to accept other initial conditioy the study if we are ever to ;F!nish. 
We do plan to present probability calculations, as suggested by this reviewer. In addition, we will 
provide a comparison of a lifetime risk criterion (in which an integration is performed over high 
and low exposures) and the maximum annual dose criterion. The panel will be encouraged to take 
such considerations into account. 

19. 'The groundwater analysis based only on Litaor's work (Appendix B) may be ill advised. 
There are other data out there to show that reducing conditions are more likely to decrease, 

, 'not increase, thesolubility of Pu. If a more comprehensive analysis is desired, then a much 
larger effort will be needed. 

We did not actually base the groundwater analysis in the Task 5 report itself on 
measurements made by Litaor. We present these measurements in Appendix B as requested by 
panel members. It is true that a comprehensive analysis of the groundwater situation at Rocky 
Flats would require a much more extensive research effort. 

20. In Appendix D, a Pu & of 5350 ml g-' is used, while on p. 3-1, a value of 2000 is assumed. 
Should these values be consistent? 

' 

. I .  

The maximum total dose is relatively insensitive to the plutonium& value for j6 values 
greater than -1000 mL g-'. Therefore, it makes little difference whether we used a& value of 
2000, 2300, or 5350 mL g-'. The purpose of the Figure 3-1 and Appendix D was to simply 
illusirate decay and ingrowth in 1 and the relationship between total dose and time respectively. 
The figure below (Figure 1) shows the relationship between the maximum total dose after the 
year 2000 and the plutonium 1yd value. The graph was generated using 500 RESRAD trials and 
holding all. oper model parameters constant. Plutonium & values were sampled from a 
distribution having a geometric mean of 2300 mL g-' and a geometric standard deviation of 5.6. 
Maximum doses were achieved before the year 2100 in all cases and doses were driven by soil 
and plant ingestion. Higher soil 1yd values result in longer soil residence times. Longer soil 
residence times allow for greater ingrowth of radioactive progeny and lead to higher doses. 



Responses to Comments 9 

1 10 100 1.000 10,000 100.000 1,000,000 

I Pu-239 Kd Value (mug) 

Figure 1. Them athway dose for plutonium isotopes as a function of the plutonium 
& value. Doses increase with the 1yd value because higher Kd values result in lower leaching and 
greater activity retained in the surface soil. 

We have also revised Figu D-1 in Appendix D. Figure D-1 shows the total dose as a 
function of time for plutonium (lower graph) and uranium (upper graph) isotopes. For both 
graphs, we added more points so as to better deliniate the dose in the first 100 years. We have 
also added 2 additional curves to each graph showing the effects of the & value on the time of 
maximum dose. For plutonium, the total dose increases slightly during the first 100 years, then 

ingrowth of radioactive progeny, “‘Am and =%Ip. After that, dose decrease over time=d;e to 
depletion of the surface soil by leaching. The leach rate is inversely related to the& value. 
Groundwater doses were negligable during the time frame of interst because transit times in the 
unsaturated zone exceeded 2000 years. 

For the uranium isotopes, groundwater doses are appreciable because Kd values are 
substantially lower, but total doses are also complicated by contributions from ground exposure 
and ingrowth from radioactive progeny. For higher & values, groundwater doses are delayed 
because of longer transit times in the unsaturated zone. 

-. drops-off exponentially over time. The increase-in dose during first 100 years is caused by - _ _  
L- - ~~ -_ - - -  - -  

~~ 

. 

Risk Assessment Corporation 
“Setting tfre standard in environmental heal&” 
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Figure 2. Ratio of the total dose to the .maximum total dose as a' function of , 
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.,-* 

- 1  - . a  I 
Reviewer B 

Overall Comments 

glitches occasionally distracted 
present quite complicated information and analyses in a form that a non-speciali 
with careful attention,* will unde 

tting some.of the heavily m 

ns-umption by fie general public. We have included the general summary 
ch of the>reports, and the fin 

mary of the entire project, fol 

report. These mathematical sections are the work th 

2. More important, because the final recommendations are at such great variance with the 
RSALs recommended by the agencies, I strongly recommend the addition of very clear 
summaries, both in the General Summary and the body of the report and/or in an Appendix, 
perhaps with tables or lists, that present direct comparisons between the RAC and agency 
RSALS, and further highlight the key reasons for the differences. See, for example, page 8- 

.3,  Section 8.1.1.1 where one such a comparison is made befween 
RAC’s RSALs. This information should not be buried in the back 

The General Summary states in broad terms why RAC expected its RSALs (without 
the fire) to be “somewhat lower” than the ag s (.for the same agency-chosen 
scenarios, though this is not stated as explicitly as GS- 1 presentsR4C S 

- - numeric4 results- for the 1. specific comparison 
provided with what the agen ee scenaiios-ina similar 
table. My quick,review of the background materials provided months ago did not uncover a 
single short table from the agencies’ analysis that can be cited and immediately compared to 
RAC’s recalculation of the three agency scenarios.’ However, the raw material is found at 
various places in Section 8 of the RAC draft. I urge that such a direct tabular comparison be 
developed and incorporated in the final report for this task in  the General Summary. It may 
be that some of the details behind such a comparison will need to be in an Appendix rather 
than the body of the report. 

In addition to providing clarity within the report itself as a technical matter, this 
analysis/comparison will be needed by many stakeholders if (perhaps “when” is more 

In addition, RAC’s choice of the 510% probability level may be another significant reason for 
the difference between original agency RSALs and RAC’s re-calculated values. 

1 

~~ 

Risk Assessment Corporation 
“Setting the standard in environmental health” 
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appropriate) the agencies challenge the-RAC recommendations, as seems highly likely when 
the report is finalized and released to the public. 

It is .true, as this reviewer points out, that the reasons for the differences between the RSAL 
values recommended by RQC’&d the ones recommended by the agencies are numerous; i t  would 
.b;k difficult to provide a‘.direct tabular comparison without being misleading. For instance, & this 
reviewer points. out, much ‘of the difference .in the ‘RSAL, values :has to ’do ;with selected 
probability ievels for the R4C calculations. There is ..not comparable ‘‘value ”from the 
.DOE/EPA/CDPHE dalculations. We provide the textual comparisons as’ b’ineas of clarification, 
but the tabular comparison would promote lifting that table for purposes’that might be entirely out 

’ of line with our goal. The important point to note in reading the report is that there are a number 
’ .  of reasons why the.DOE/EPA/CDPHE recommended.RSAL’ values, do’not-line.up with the ones 
-.RAC’h& calculated. The’graphical representations of the R4C calculated RsALs are-important - . .’ 

‘;,to reduce hose distributions of values to’a’single-number in a table w 

. .  . . . . . . . .  DetailedComments r . ; . : . .  

1 .  

f . . .  .; .. 

f 

. 

’ I 

. ’ 

. . . . .  . . .  

.. . . . . . . . .  . .: 

. . (  . - : 

. . . . .  

. . ,  

. .  . . . 1 .  , .  . .  . .  , ’ . .  j :, .* 1 . . .  
’ &  

.~ 
Page iii. Editorial, 2”* paragraph, line 8 aid elsewhere. ose.’limit’: .is not 
quite right. I suggest “than a specified dose” or.some <‘similar re-wording. In-,the:.next -line, 
“dose limit” should be similarly revised, as .should the last sentence in the third paragraph on 
this page. A review of all other places this phrase is used is also a good idea.. 

We appreciate this editorial comment, and we, too, have struggled with this phrase. We have 
chosen the phrase “dose limit” to define the 15 and 85 mrem y-’ doses &posed as constraints to 
‘this project.. We refrained fiom’using a phrase’such as ‘‘specified dose’?’to make it clear thatRAC 
did not specify the doses to be used in this project. We think that “dose limit”:a&urately : .  reflects 
our limitations. 

2. 
’ 

. ’.. ~ 

. . r  . .  
1 .  

. .  

. 

r . .  . . . . . .  . .  ., , .: i ., . . . . .  . .  
. . . .  .- , . 1 .  ’ * ’  .’=> ‘ 

Page iii. Editorial, 2”d paragraph, last complete ‘sentence. ‘The importan& of the-fire to the 
final results is so important that it should be .highlighted :in some .way ,this early in the 

, .; . . . . .  . . . . .  .General Summary,.even though stress’is.provided on page ,iv: I . . . . .  I . .  

. .  . . ,  . . . . . . . . . .  I 3 ... . . . . . . .  
. .  

. . :. 
. .  . .  

At this place in the summary, we are simply identifying . .  pathways 

. . . .  . .  . . .  . . . . .  . , .  

we discuss results. 

3.’ 

. .  

Page iii. Editorial, 3d .paragraph, last sentence.‘ h e r e  should .be -some;adj 
“measured” or “specified” or “estimated” ,between “given’’ and “leVels.”~- ’ . . 

This change is appropriate, and we thank the reviewer for ‘this Comment: .’., 

. . .  8 . .  
. . ~ . .  

. .  
. .  . . . . . . .  

. ,  

. . .  . -  . . . .  - . .  :. . . .  . .  

4: . Page iii. Fourth paragraph. I agree with RAC‘s rejection.of RESRAD’s resuspension model 
and replacing it with an approach more closely linked to site data. This is an important 
underpinning for the final calculations and recommendations. Because of that, it is important 
to elaborate in the General Summary on the reasoning behind the replacement. (Remember 

.... 

a 

. .  

a 
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that many important components of the audience will only read the General Summary or 
press articles. based on it, not the full report.) 

We will add some text that reflects our reasoning behind 
resuspension model. 

5. Page iv. Editorial, 3d paragraph, last sentence. I suggest dropping this sentence. It doesn’t 
really add anything substantial to the major points in the General Summary; and non-expert 
readers may be confused by the blunt elimination of the role of the ,water pathway. If this is 
done, then the reference to 
next paragraph should also be-eliminat 

The sentence in 
reflect our intent. It 
RSAL, so we plan>to 

6. Page iv. Editori 

dropping this entire sentence. 

We will remove the reference to sum of ratios, but will introduce the co pt in lay terms in 
this summary so as not to mislead the reader. 

7: Page ivy 4‘h paragraph, 4’ line. I suggest adding to the end of this sentence, so that it ends 
“. . .radioactive progeny, while the DOEEPNCDPHE RSALs were based only on some of 
these isotopes.” 

I 
I 

We will change the paragraph to be more accurate and explicit, but this suggested change 
will not be incorporated, as it is not entirely true. One of RESRAD’s finer points is the inclusion 
of radioactive progeny. The DOEEPNCDPHE calculations &e simply done differently, and we 

8. Page iv. Editorial, 5* paragraph, 7* line. The sentencel:A significant difference.. .” should 
be the first sentence in a new paragraph. 

* I  

- _  
We will make this change based on this good comment. . I  ? 

9. Page v, Table GS-1. To reinforce the issue raised in my overall comments, if possible there 
should be two tables in the General Summary. The first table should present a “head to head” 
comparison of the calculated soil concentrations for the three agency scenarios versus 
RAC’s calculated levels for the same scenarios, specifically using the plutonium (no fire) 
and uranium (no fire) RAC figures now in Table GS- 1. The second table should basically be 
the current GS-1. (One further option is to carve out the “with fire” options and put them 
into a third table. This would further highlight the important implications of this 
consideration.) 

, Risk Assessment Corporation 
“Setting L e  standard in environmental health” 
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We will not include a tabular comparison, as we want to make accurate and appropriate 
comparisons and this is not possible within the context of our stochastic methodology. We will do 
our best to draw meaningful conclusions about the similarities and differences between the two 
methodologies. 

10. Page 1-1, 3d paragraph, 2ad line. In reviewing the draft Task 3 report, I do not find that an 
“annual limit” is specified for each of the seven scenarios. Instead, it appears that RAC 
simply adopted the 15 and 85 mredyear dose limits as ‘appropriate. (In fact, the only 
statement of the dose levels/annual limit in the draft report of Task 3 is in Table 1, page 3.) 
The second sentence beginning “Each scenario.. .” should be revised to accurately reflect 
what the annual limiddose is for each scenario; perhaps a table would be helpful. 

RAC did not adopt the 15 and 85 mrem y-’ limits as appropriate; these limits were imposed 
upon this project. In the final version of the Task 3 report, we incorporated these limits into the 
scenario table. 

1 1. Page 1-1. Editorial, 3rd paragraph, various lines. “Consider” in line 6 should be “considered”; 

I 

and “high” in the same line should be “higher.” 

We thank the reviewer for noticing these errors. 

12. Page 1-1, 31d paragraph, lines 6-7. Here (and later) the phrase dose limit is used. Again .I 
suggest that there be a modifier, such as “suggested dose limit”. 

Although we do appreciate this suggestion, we still feel that “dose limit” accurately reflects 
the definition of these values. 

13. 

14. 

Page 1-2, 3d paragraph. I question whether the “4 orders of magnitude ...” phrase needs to be 
in this section. (The first part of the sentence is probably OK to leave in place.) First, given 
the overall shape of RAC’s recommendations, this observation sets the stage for some to say 
that the RAC recommendations, which are driven by the fire scenario, are far too 
conservative (at one extreme, some observers might suggest that the RAC nberical  
recommendations be increased by 4 orders of magnitude). Second, all discussions of how 
this large uncertainty is dealt with by RAC should be centralized in just one location, Section 
5 (not Section 6), which I believe is the only other place where this range is presented. 

We believe the phrase is accurate and appropriate at this point. 

Page 1-3, la full paragraph. This is somewhat more than editorial. I suggest that 
“deliberately” be dropped and some other changes made, so that the phrasing instead be 
“. ..not surprising that in more conservative scenarios, such as the resident rancher’s 
child,. . .” 

We will make this change as suggested by the reviewer. 
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- . .  - - - . .  

15. Page 1-3. Editorial, 3d full paragraph. The updating didn’t have (one) “simultaneous” effect; 
, it had two effects acting in opposite directions. It would have had a simultaneous effect if 

only one coefficient had been updated. 

We will change the sentence to read “Updating the dose coefficients had the effect of 
simultaneously reducing the . . . and increasing the . . .”. 

16. Page 4-1, 1” paragraph, last sentence. ,This sentence will be hard for 
understand until he/she reads the rest of this section. The clarity is imp 
for” is replaced by “incorporates.” 

The phrase “accounts for” more accurately 
nonuniformity. We thank the reviewer for this comment, but we choose to 1 
currently written. 

17. Page 4-2. Editorial, last paragraph. The sentences beginning “A 95 
“Note that this ...” provide useful insights to experts, but not to a more generally interested 
audience. I suggest these two sentences be put in a footn . The sentences just before and 
just after these two, coupled with the generally intuitive clarity of Figure 4-1, makes the 
main point. 

We have changed our analysis. Instead of using a confidence interval (two-sided), we will be 
using a confidence upper bound (one-sided), and this material will be rewritten. However, we 
cannot really agree with the reviewer that a careful statement of the result belongs in a footnote. 

18. Page 4-3, Figure 4-1. I have several points. First, having some historical familiarity with the 
Poet and Martell work and the subsequent debate, I agree with the choices of the data chosen 
for use in the regression, and also the choice of data to be omitted,. Second, the dashed line 
(the “separate analysis”) clutters up the figure. Can the same confirmation be presented in 

in the text? Third, why doesn’t the shaded triangle extend out to 
capture the Webb 1996 d a g  point? Finally, in the legendidoes the last sentence-imply-that- 
there is a 15% probability that the rate might be zero or even positive, that is, that plutonium 
might have been accumulating in the top 3 centimeters? I suggest you,drop this last sentence 
altogether. 

We do not agree that the dashed segment should be deleted from the figure, but the triangle 
will be taken out because of the different type of analysis that has been done (confidence bound 
rather than confidence interval for the rate coefficient). The last sentence of the caption will need 
to be rewritten (or removed) for the same reason. To answer the reviewer’s question: the 
possibility of plutonium being added (positive rate coefficient) is a defect of the standard model 
for a log-linear regression. A more satisfactory model would incorporate the constraint of a 
negative (or at least nonpositive) rate, but such a model would be non-standard and more difficult 
to calibrate. 

_ -  -another way, perh 

Risk Assessment Corporation 
“Setting the standard in environmental health” 
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19. Page 4-5, 3* paragraph, last sentence. This sentence is not clear, and also not helpful. What 
types of remediation decisions would require a “revisiting” of this question? In fact., what 
exactly is the “question”? Is it whether taking into account the age of the samples would 
make a difference? If you are right that insufficient data exist to justify creating a model, 
what good would revisiting be? I suggest dropping the last sentence altogether. 

A more extensive analysis than we have had the opportunity to do could lead to a different 
decision about how the data should be adjusted. Our wording about the existence of profile data 
was not an assertion but an expression of uncertainty. However, we have no objection to dropping 
the last sentence. 

20. Page 4-6, Figure 4-2 and page 4-9, Figure 4-4. Editorial. Unless you are very familiar with 
. the site, it is hard to find the 903 pad. Perhaps a star or some other identifying mark should 

be used. 

0 

The 903 Area is identified with a diamond shape that is placed over all the other layers of 
details on the graphic. This open diamond seemed to give a clear contrast to the other symbols 
overlapping within the graphic. It still seems like the best suited for the purposes of locating the 
903 Area. We will investigate the effect of making it larger. 

21. Page 4-8. Editorial, Znd paragraph, next to last line. The last word in this line should be 
exercise.” 66 

Thanks to the reviewer for noticing this error. 

22. Page 4-10. Editorial, 3d paragraph, last acronym/word. I think you have generally used 
either WETS or Rocky Flats, rather than RFP, in the rest of the report. 

We will change this reference to Rocky Flats, and will search the document for other uses of 
RFP. 

23. Page 4-10, 4* paragraph. I think there is at least one mistake in this paragraph. Most likely, 
the “with” and “without” the fire figures were reversed in the text. According to your overall 
reasoning (which I agree with), the plutonium air concentration would behigher with the fire 
(0.15 pCi per cubic meter) than without the fire (7.6 x lo4 pCi per cubic meter). The current 
wording has either the numbers or the words reversed. In addition, while I agree with the 
scaling approach, I could not find the specijk source of either the 0.15 or 7.6 x lo4 pCi per 
cubic meter figures CIS such elsewhere in this report or in the Task 3 report. These two 
numbers are at the core of the reasoning leading to the RAC recommendations, so they need 
to be fully and clearly documented here and probably also in Section 5, presented in these 
exact units as well as Bq per cubic meter (see, for example, Table 5-4 on page 5-17). You 
need to make this part of your reasoning crystal clear to any reader. 

The reviewer is correct to notice that the words “with” and “without” were transposed in the 
text. We will make this adjustment. The air concentrations for Pu were calculated with the 
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methods of Section 5,  using the program that integrates the point-source Gaussian plume over the 
areal soil concentration. The factor of ~ 2 0 0  can also be deduced from Figure 5-6 as the ratio of 
the fire and grass cover resuspension fluxes. We will add an explanation at this location in the 

< 

report to explain the,source of these numbers. 

4. Page 4-1 1.  Editorial, end of first line. “Te” should be “The”. 

‘ .  Thanks to the reviewer for noticing this error. 

25. Page 5-1. Editorial, 20d paragraph, last sentenc s previously noted, the use of the new 
opposite coefficients didn’t have (one) “simultaneous” 

directions. 

This is not the same sentence as the one previously noted. This one is correct as written. 

26. Page 5- 1. Editorial, 3‘’ paragraph, IOth line. I suggest replacing “crude” with “s 
dropping the “simple” before “box model”. 

We believe “crude” is more descriptive of the earlier RESRAD model than “simple.yy As to 
the box model, it consists of a single box. Accordingly, some adjective such as “simpleyy is 
appropriate. 

27. Page 5- 1 .  Editorial, 4th paragraph, 4” line. To clearly distinguish the RESRAD resuspension 
model from the RAC model, I recommend this line end as follows: “...radioactivity. The 
RAC model.. . ” 

This is another good suggestion which we will take. 

28. Page 5-5. Editorial, first paragraph under 5.2.2, last line. “Longer-temp temporal” should be 
“Longer-term temporal”. 

Thanks to the reviewer for noticing this error. 

. *  

i ’  

- 
- - 

- - - = .  - - .  - -  _ _  = - - - -  _ _  - - _  
- 

29. Page 7-2, Figure 7-1. I want to identify a problem that may not have a good solution. I 
understand the reason for the figure. However, many people (including this reviewer) have 
difficulty thinking in probabilistic ways. First, at the least, the x-axis should be labeled 
Radionuclide Soil Action Level, to be in accord with the RSAL acronym in the legend. 
Second, the text does not adequately explain the conclusion in the legend. Third, none of the 
later distributions are exactly like this one, even though some have the same overall shape. 
The reason: Figure 7-1 has its y k s  starting at 0.01 and being logarithmic. All of the other 
later figures in Section 8 have the y-axis starting at 0.00 and being linear. This will be 
confusing to all but the cognoscenti. I suggest that you add another explanatory section 
before the specific scenarios, presenting in a generic sense the two different shapes that will 
be found in the later scenarios, and distinguishing these from Figure 7-1. An alternate is to 

Risk Assessment Corporation 
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completely eliminate Figure 7.1 altogether, and simply make the same points in another way 
(with a table or in words). 

We will make this graphic more consistent with its counterparts, linear in scale, and more 
comparable in a generic way to the graphics which appear later in the text. We do, however, 
intend to leave a graphic of this variety in the text. Although the reviewer feels that this 
representation is misleading to the public, we have found explanatory graphics like this one to be 
invaluable in describing our intent to broad audiences of people. 

. 
’ 

Page 7-5.’Not just editorial. Section 7.2.4, last line, first word. “Decision” should be 
. “Recommendation”. . 

Good comment. We will incorporate this change. 

Page 8-3, Section 8.1.1 . l .  See Overall Comment earlier regarding the comparison of the 
agencies’ RSALs to RAC’s RSALs for identical scenarios. 

Again, we do not plan to include such a table. 

32. Page 8-3, Table 8-1 and all subsequent tables on the agencies’ scenarios in Section 8. All the 
tables should clearly note that these are RAC ’s recalculations of the fraction of dose, not the 
agencies’ calculations. 

Not only are they RAC‘s recalculations of the fractions of the dose from each pathway, they 
are RAC‘s recalculation of the dose and soil action level altogether. This is clarified by a sentence 
early in the text stating, “The RSALs presented here represent this same scenario calculated 
stoachastically using the methodology developed by RQC.” We will add some text to the table 
title like “as calculated by RAC‘ to make this entirely clear. 

33. Page 10-1. Editorial, 1’‘ paragraph, 5” line. This should read “.-..probability of not 

, .  

. -  

exceeding.. .” . 

Thanks to the reviewer for noticing this error. 

34. Page 10-2. Editorial, 1‘ full paragraph, 4” line. This should read “...and other radionuclides 
at the Fernald site.. .” 

Thanks to the reviewer for noticing this error. 

35. Page B-2. Editorial, 1‘ paragraph, 5“ line. This should read “...data measured by Litaor ...” 

Thanks to the reviewer for noticing this error. 
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. _  Review Summary 

Reviewer C 1 
The content of the above named report is focused on presenting RAC’s analysis of seven 
xposure scenarios, though, there is considerable other material also included. 

is report was organized in a reasonable way. Sufficient detail was presented for some 
arameters, {while little detail was presented for others. For example, there are no references 

provided for most of the parameters in Table 5-1. Possibly, that detail is in previous reports 
r,it means that RAC has developed or chosen values from their own analyses. However, it 

diSficult for me to try and check the validity of such values without searching through 
revious documents-a task that is beyond the time I have available. I suggest RAC develop 

tables which are more suitable to “stand-alone”. 

see what the table is lacking and complete it for the final report. 

s usual, RAC’s analysis is lengthy and generally comprehensive in terms of the range of 
opics to be treated. Much of the material represents good work and certainly a significant 

expenditure of time and effort. At the same time, as a reviewer I am not satisfied with all 
that I read. At first read-through, this report seems comprehensive and adequate. Upon 
greater reflection, I have noted several problems, one which I believe is very serious, 
however, RAC may reply that they were only responding to the scope of work as it was 
written. A brief explanation follows with more detailed comments in order as they appear in 
the text. 

. 

Primary Concern 

, RAC has recommended a radionuclide soil action level (RSAL) based on what they believe 
to be the most restrictive scenario (i.e., the scenario that with the smallest soil concentration, 

---- -_ - - - -  - -  e - 1 - -  predicts = - = -  _ * _ _  that the dose limit will not be exceeded with 95% confidence). The dose limit they 
use is 15 mrem/yr. However, &ereTs a single major fault in the reasoning which led them to -~ -= -- ~ 

choose the RSAL that they did. 

The limit that should guide the selection of an RSAL should be a lifetime risk of 10“- lo4, 
without concern for reasonably small variations of annual dose from 15 mrem/yr. I realize 
that this is primarily an issue that the state of Colorado should address, however, it is of 
paramount importance. Because RAC has adhered to the annual dose limit for any single 
year, they are compelled to recommend an RSAL which prevents the dose limit from being 
exceeded even during a relatively short period of time (one or two growing seasons). The 
cost of that decision is exorbitant, however. Because the land that could potentially be bared 
of vegetation by a prairie fire can recover its ground cover within a year or two, the cost of 
remediating down to a soil concentration so that those one or two years comply with the 15 
mrem/yr standard is senseless, as well as contributes to squandering public resources. 

Risk Assessment Corporation 
“Setting the standard in environmental health” 
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.. '20 
. 

-RAC recommends an RSAL that 'is 'smaller than any similar recommendation. that I am 
familiar with .anywhere in the world, and will (if accepted) obligate tax-payer's dollars to 

. '. remediate the land to.a significantly lower level than is required to meet the l ifethe risk 
,limits of EPA-which are some of the most protective limits in the world. 

Even if Colorado h d  DOE were to 'ignore the important 'concept of lifetime risk but still 
. , . require an annual exposure limit of .15 mrem, RAC has failed to make clear that exceeding 

. . .  .the .'IS mrem'ye& h i t  due to ground'cover destruction.by fire might only occur during part 
' ' , .of a one or two yead  t he  (the 'rest of the year may. have snowcover, andor other moisture, 

.'and. low-lying. ground cover will revegitate after. a 'single growing season, or *two years at 
. most). Fuithenpore;' during 'the' year, .when ground cover h& been diminished (due to the 
: .fire),. . . . .  actions ..could be . . .  'hplemented 'such as spray irrigation (to minimize' resuspension) 

, 

. . . .  . . . .  . . . . . .  . .  . . .  . .  . .  . .  . .  . .  ..: 
. ' . ' .  

- .. 

.. ' > : . '  . r 

... I . 

. . , .  ..... . . . . .  . .  
. , : .  . .  . . . . . . .  . . . . . . . .  .."'du&gwindy & s o p  . . .  

. . . .  , . .  . .  

-. . 

.. 

. .  . ' '. 

. : . ' . . . .  Moreover, RAC 'has not assigned a probability or likelihood of a prairie fire taking place, 
,. ; ' and to the amount- of land that would 'likely be barren afterwards.' Thus, they chose to 

'. minhpize the MAL (and' to maximize the attendant costs of remediation) by setting the 
: irobability of a fue to be 100%. This is equally not acceptable and no credible analyst in the 
':field of &certainty would consider doing such a thing. 

Rhetoric aside, these are mostly important points. In the final draft, our calculations will be 
extended to .&nsider lifetime risk as a limiting criterion, enabling us to calculate RSALs that 
cohespond to the EPA range lo4 to lo4. The'resulting RSALs will be compared with the ones 
dkveioped from the 15 mrem annual limit. The fire calculation in the draft report (given the data) 
represents the worst case. As we have indicated in responses to another reviewer, we have 
subsequently formulated an approach that takes the annual probability of a fire into account and 

'. considers the possibility of a fire that occurs in some year (not necessarily the first year 
considered) .and the possibility of no fire, using appropriate probability estimates for each case. 

'. When la hre 'occurs, random burn area (based on regional statistics) will be simulated, together 
.Wi,th 'other 'mitigating factors (e.g.; distance of burn area from occupants, regrowth time for 
'ground .co.ver). This' reviewer has continued to question the 1000-year temporal scope of the 

. . .  

. . . . .  . . .  

* .  , , .-. : . .  
. .  I 

" . . 
. . .  

... 

. .  

' 

' 

. . " assessment, but we feel obligated to retain this; 

For the two reasons noted above, I find the analysis invalid and believe that it contributes to 
a wkte  of tax-dollars without significantly contributing to public protection. I strongly 
recommend that RAC redo their analysis and their recommendations as well as notify the 
public and the press of the problems that I discussed above. 

. 
' ~ 

.. 
" The final report will constitute due notification of the final results. 

Other comments follow, but none are important as that noted above. 
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I 

paragraph: Change as follows. “A concentration in soil higher than the level 
redicted as the soil action level for each radionuclidewwld could lead to a dose that would 

’ Without the change, RAC fails to acknowledge 

ition is deterministic, and that for an nte Carlo 
by the scenario specification and the criterion (in 
we have no problem with either choice of words. 

strophic natural events cannot realistically be 
s the probability of such events. They set the 

the handling of &e fire has already been answered in the general comments. 

a comment that will probably not be well received, yet I think it is 
eir own task reports by the primary author’s 

mame, e.g., “Weber 1999”, etc. which appears in the text the same way as published, peer- 
reviewed literature. Three such references appear on p. 2-2. Upon looking up the reference in 

mply previous RAC task reports and not 
published literature. Though there is nothing technically wrong that I can point to, I think it 
is misleading and I find it to be irritating. 

Because this work has been building on itself since the beginning, we have found it 
necessary to cite our own reports throughout the duration of the project. The bibliography 
characterizes the reports accurately, and copies presumably could be obtained. One wonders why 
the reviewer considers “worthwhile” a comment that offers no alternative recommendation. 

As in at least one previous RAC - report, the authors of this report decide that some of the 
data published by Krey and his colleagues is inconsistent and they will not use it in their = 

.- _ _  _ _  
- -  

analysis. Do I need to remind the RSALOP that Krey and colleagues made long careers of 
environmental monitoring and RAC has little, if any, experience in field sampling, 
laboratory measurements and in interpretation of measurements (other than data they 
obtained from others publications). Was k e y  consulted on this matter? If not, can RAC 
justify their decision, other than to say, “Data from some of the locations sampled were 
omitted from the regression because of the apparently inconsistent interpretations.” Nothing 
in this paragraph convinces me of MC’s  arguments. Their decision to omit data seems 
strictly for convenience. 

To provide additional support for our choice of data used in the regression, we have 
identified the number of sampling sites that define each point on the graph (see Figure 3). Note 
that the number of sites sampled by Webb and Little far outnumber the number of sites 
represented by k e y  and others. Had the data from each individual site been readily available, it 

Risk Assessment Corporation 
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. 
would have been worthwhile to plot the entire data set and perform the regression using the data . 

..from individual sites. We believe we would find a similar relationship had we had done this. 
..' -'Results .from these studies ,are perplexing. There appears'to be a clear evidence of a decrease 

. ' ;& the4-3-cm plutoniumkventory between .1972 &d 1989 based on the work of.Little (1974), 
Web6 .( 1992), 'and one 'sampling site in Krey et al: .( 1977.). -'However, two of the other sites 
measured by Krey et al. (1977) show substantially less plutonium in the surface-(0-5 cm) than 

'was observed by Webb and Little. Little (1976) measured depth profiles at 10 sites and Webb 
.( 1992) . r e h p l e d  these same sites in.:i989; 'while 'Krey's later :measurements were from only 

rous processes 'can ':'influence plutonium migration in :the subsurface, and these 
processes are both temporally and spatially variable. These processes include soil erosion (Webb 

1: -!Whicker :1982);..bd .soil cracking (Higley "1994). In :summary, these processes are .not well 
.:. . . . . .  understood and are currently an area of .research at ,the -WETS. Recent. work .by :Litaor has 

sted that .under saturated soil conditions, plutonium can migrate very rapidly. This work is 
fly: hipublished; ;however, it. suggests .that-certain discrete events (such as heavy rainfall) 

surface in a relatively short time. Most of the time, 

. . . <  

,. 

. . . . . . .  . . . . . .  . . . . . .  . . . .  . 
. I  

_ -  .. <. . .  ' _  , % .  , _; , 
.,,. .- 

. a t  . .  :.,., - . I  

. . .  :-'~1993);*cOlloidal . . .  movement (Bates et al; 1992); biotic perturbationr(litaor et ai. '1994; Winsor and 
. ~ . * '  

I ._ - .  

. .  . .,> . . 

".' ........ We.:do not doubt the-,accu+cy of'the work,Krey -performed in the.7OYs, and we think it is 
. .  '. ,' likely .:that depth ..distributions .will vary :among locations. Krey's data certainly suggest large 
",,' .v&iability both spatially .and temporally. The regression equation is simply an empirical means to 

'SGmarize thegoss behavior of.plutonium in the soil. . 



1 .  
23 

Number of Years from 1969 
Figure 3. Regression of the percent of total plutonium inventory in the 0-3-cm soil layer as a 
function of time. The year in parenthesis was the year sampling took place. Data were obtained 

ided in Webb (1996). 

same question I raised in an earlier review regarding Fig. 4-4. Along a west- 
rthing of 441.0, there is a line of measurements that are all gray 

’), yet they fall wellaoutside the 2 Bq kg-’ contour. Where is the 
ese measurements and @e lack of agreement of the contours with the 
at’ is the implication that the ha& is greater th& the model - 

t 

From the second paragraph on page 4-8: “The points shown outside the 2 Bq kg-’ contour 
indicate some observations that exceed background in the 2-10 and 10-100 Bq kg-’ ranges.” 
Continued discussion regarding this figure is also found in the caption. We state quite clearly that 
there were sample locations above background where the model would predict background, and 

’ that our model does not accurately predict concentrations at individual locations, but is intended 
for integrating resuspension fluxes over large areas. The historical dose reconstruction predicted 
releases fiom the 1957 fire to have progressed in a southerly direction from the plant, and this 
may well have introduced perturbations which a model based on long-term wind-driven releases 
fromethe 903 Area would not predict. In any case, one cannot assume that these contours (or any 
set of contours based on plutonium concentrations in soil at Rocky Flats) provide exact partitions 
according to magnitude. Elevated off-site readings near the junction of Indiana Street and 

Risk Assessment Corporation 
“Setting the standard in environmental health” 
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not specuiite . . . .  I,:, I :about the source. 

. . . . . .  . . <  . . . .  . . . .  . .  . .  
. .  

Highway 72 have been noted by Litaor et al. (1995) 
. a .  239+240pu in preliensive 'appraisal of 

. .; . .  (Ref. M.I. Litaor, D l[en,'&d E: Dovala, 
. . .  . . .  . .  ... 

* , .  

",Health Phys: 69(6), 1995.) :. 
. . .  ,. .. . .  . ,. :* \..:: ,. 

,soils around pocky 
. .  . %  

;.:., ' .C  .... ..._. '. . . .  

,6. , Eq. 4-53hould:be-reformatted. .It would,?be:fme if each v-qiable were only a single letter, but 
since that is not the case, you capot.tel1 that "ML" . is a single &&able. ... It should . be written 
as follows (or some other,equal way);, -_. . 

. 
. .  . - .  

. . .  
8 .  . 

' 

. .  . .  
. .  

. 'We will introduce n symbol . . . . . .  to clarify the -. - .  equation,. . .  
... - ;8 -  . , ,.,- .._. . . .  .I (.j . - .  

. .  . .  , .  . 

.. : . .  .In general, the level of .detail about models that .is presented in chapter 5 is ynfusing. For 
.' . ' ' example, what of sections '5:2.1 to 5.2.3 is .relevant? I .&uldn'tl tell: It seems that your 

. explanation of how .you, derived your mass loading is on p. 5-3 and 5- 1 5 .  ... : . . . . . .  
, .  

. .  
, . .  , .. .. , . . .  . .  

. '  i .  

. .  . - .  , . 
The document ,at . this ..I.. point. . . . .  ears to be .a combination of material submitted by different 

' individuals because of the much"different levels of technical-material presented. I am not 
criticizfng the presentation of.technrca1 ,, . I  material, . . . . . . . .  hut I was unable to determine that part that 

presented surelyyq . .  not ,nepssary .for the development 'of 
-the pararpeter values. 

Section 4.2 is about uranium, and Section ' 5  is about plutonium. Different approaches ,were 
. . used., The ,adjustment-,of.$he..urani& m&s..loading factor, for. the fire scenario .is based on the 
. ' factor of 200 that estimated foq soil resuspension fluxes estimated *om. plutonium data. This 
. ' '. should either,have.a fornard reference to.Section 5.3: or section 4.2 . . . . . . .  should,be movedto the end of 
' : Section 5.:and renumbered ;accordingly.:All: of,@e matedal in ..Sections. 5.2,l ,to . . . .  5.2.3. is quite 
: .... technical, but it: is .impo-t:for. providing a complete .picture of the;steps taken. to,calibrate the 

model using site-specific data. All of it feeds into both the regression for grqss. cover. and the 
estimation of plutonium air .c 

, . 

, . I  ; . wasgermane. Some of.wh 
. .  . .  

. . . .  .._' . ,. *;:, ? .. : . . . .  : .  , ' , $  . ' ._ . .  

. .  . . - . (  . .  '. 
8 , '  _.. ' 

. .  

. .  
' .  . 

. .  

. . .  . .: . >  1 , . .  . 2  . . . . .  
~ . .  

., _. 

.. .8. ... Table ,5- 

: , - : . . n e  soil 

. . . . . .  depth.of 8 .cm. Ca.RAC.explain this?., .. 

' .  . . ,  
. .  

. . Webb's analysis (eq. 44)which ,is .quoted.in .@is. I report,..that ,soil, density .would occur at a 
. . .  

3 L. , .  , , _ , _  
. . .  . . . .  . . .  . . . . . . .  . . .  . . . .  . . .  . : ' . .  

. -  . -  
.. < :::. 

. .  

: I .  q j  :.. i.... - :  

.... .This value .of the, bulk density. was used generically,md only for converting resuspension 
'factors (m?) to resuspension fluxes (mg my2 s?) relative to ,the top. 1-mm layer of soi1,after a fire. 

: .It may be better to,use :a;value consistentwith Webb's . .  profile, and we will consider making this 
' 

- .  . .  change or. at 1east.poiuting out .the.,jnconsistency. .. . . . . . .  ; 
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.._ --. . .  ~ 

9. The scale on Fig. 5-1 needs ts written in 
1 fashion. 

. - I  

cale is an eccentricity 
with more conventional numerals 

a statistical computation system. We will recre 

Estimation of this parame 

primary location is 0.3 km E from the center of the 903 pad. The model that generated the 
contours in Figure 4 

12. I found Fig. 7-1 either to,be labeled wrong, or you have failed to convey what you are 
talking about. The x-axis should read “soil concentration.” If so, the RSAL is the value of 

at whatever probability level (y-axis) that is deemed 
~ 

. _ I  

We will redo this graphic and correct the label. 

13. p. 7-2. RAC acknowledges that a,prqirie .wildfire is a low-frequency event (implying low 

As noted in previous nses, the probabilistic events will be simulated. 

19. p. 7-3. in paragraph 7.1.5, RAC reproduces,the same conhsion I found on Fig. 7-1. It should 
read: “...you must select a probability level that gives 
sufficient assurance that the selected €SAL soil c o n c z g r e a t e r  
than the prescribed limit. 

I cannot understand why RACsconfuses RSAL with soil concentration. The RSAL is a soil 
concentration value that is chosen because it has the required level of confidence associated 
with it to ensure that the dose limit is not exceeded. The chosen value of soil concentration 
IS the RSAL, not the other way around. 

We will change this language, which is indeed incorrect. 

. 1 -  

Risk Assessment Corporation 
“Setting the standard In environmental health” 
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~ . .  

":15.. p. 7-3, paragraph, 7.1.6.' The&rget dose limit (15 mredyr) is discussed. Thisis annual dose 
such that the' lifetime risk will not be exceeded. Therefore, the scenarios . .  should bellifetime 
representative. The '.prairie fire does not meet that criteria. It is a short-term perturbation 

. . .  , , ;' . ' -  . . .  - '  :,.'->' i ..... ; { )  . .  i.'. ..:.. . . .  
I .  . .  1 :  

: . .  .: .: . . ' Y  

' .  only:' 

Once again, the prairie fire will be dealt with, and a lifetime risk. criterion .will .be 
. .  . .  

~ . .  i .  , .  
. L :  .,;. -.,;,i ..s . . . i  . . . . 

. , .  
. .  

. . . . . . .  . . . . .  . . . .  i. . .  ;; !, .:,. ... . ' , , L , s ! , ? ,  i 1. .,.'<. . I  ! .:, 
that is lifetime representatiie. : 

. - .  
. .  , .  

demon 
. . . .  I . ,  . 

. .  
. .  

. 16. , .  ..p. . 7-4. paragraph 7.2.3. The statement that "This dose limit [15 mredyr] -issomewhat less 
'...'' . .  thari'.the'dose constrain 

. . . . . . . . . . . .  
. .  

. .  . . I  . . 

. . . . . . .  erhaps we'understate the'di 

, . '.the nuinbers to which we . .  refer: We 

RAC ,further discusses the life 

. .  
. .  . I  

. .  

' their recommended RSkI;; +.'.< i 
. .  

. .  

As stated in 'a previous response, we will incorporate the concept- of lifetime . .  . .  risk into the 
: fmal'report for this'kkk.' 

. .  . .  . .  
' , ' 4 .:, . .  . , .  

.. 1 
: . 

18. In several .of the scenarios;. the..''Conclusions?'-sectiohs ;states: ..".. .While :the 1. pathways of 
concern are different, the RSALs reported in DOEEPNCDPHE &e included in the. 

. .  distributions :presented tiere." What does this,,mean ,(that is,:.what does !'included in..." 
I .  . . . . .  . . .  . . .  . .  

. . . .  

.. , . 

. . .  . .  . . . . . . . .  < I ; . .  . . . .  - .-'L .. . .  
, . .  

. . . . . . . .  

. .  

. . . .  

. .  
. , , .  

. mean)? . " 

. .  . .  
. .  . .  

The point we intended to make was'that the DOEEPNCDPHE values for the,'RSALs fall 
between the upper and lower 1imits.of the .RSAL distribution calculated byRAC. The language 

. . . . . . . .  > O . '  . . . .  . . . . . . . . . .  . , : , . .  - . ~  . . '  
.. ' , 

\ .  . , .  - will be reconsidered. . .  . .  

19. Section 9. The main. shortcoming ;of this .section' is'.the.''emphasis"on &y:;single -year not 
exceeding 15 mredyr: A .fire "could'result .,$:exceeding- the :dose. for ..only.:a. couple of 
growing seasons at most. Thus, other years would not exceed the annual limit, and the. 
lifetime dose and lifeti&e.risk would not'exked their n5sp6ctive~~liits~ 

As noted in previous -redporises;:3he probabilistic'events ;will be ,examined,- and . .  ; a more 

' 

. . . .  
I .  

: .  
. .  

. .  
. .  . . , ..< . 

. . .  . . . . .  . . . . .  . . . . . . .  < .  . \ ' :  i _  
. .  

. .  
. , .  

- .  . 
_ . *  . 

20. Section 10. The expository text is this sectiqri, as in 
noted, fails to accurately convey the important concept as a result of poorly written or 

.-confusing wording: The 2nd &d'3rd sentences ':should.be ,reworded -fol 
. . .  . . . . . . .  . :  1 , . .  . .  . , . . * ,  ..... !. . . . . .  . -  .:, . . .  

. .  
. . T,. . .  t 4 . :  . .  

. .  

' - ?These results are presented 'as distributions .of px&bdws . . .  .'soil concentrations for each 
of seven exposure scenarios. Each soil concentration value'has.>& associated probability of 

. exceeding the annual dose limit. 
. . . . . .  . . . . . . .  . . . .  . .  
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. e  e. The scenarios are used to derive our 
recommendation of a soil concentration level to be established as the RSAL. 

7.1.5), that l2AC c 

n d b  D (which have 
been revised) apply to the norfire s 
to develop these graphs shoul 
needs to, be made concerning. 
time-integrated doses over the exposure period. 
off after the fire because the standard vye are co 
frame of compliance (1000 years) does not ex 

received during the year the fire occ 
As we noted in a previous re 

- qgumes that it takes a year to reveg 
- - ._ - -- -- - - 

- - - _ _  - 2 -  

. . annual dose criterion and the 
account the effect of revege 

23. Appendix E. This appendix 
annual dose limit of 15 
chosen to present thi 
development of the RSAL, is incomprehensible to me. 

I .  

We plan to include calculations that consider the concept of lifetime;risk, and compare this 
calculation with the calculations of RSAL values for the 15 mrem dose criterion. 

Risk Assessment Corporation 
“Setting the standard in environmental health” 
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.._ . . . . . . . . .  . . .  R&iewerD . . . . . . .  , . v . . ' . L  , a . : . . .  'L, . . . . . . . . . .  

' , , :: .:' ,-& 8 
. .  . . . . . . .  . ,- . . .  . .  

. .  . . . . .  . . .  . . . . . . . . . .  . . .  . . .  . . . . . . . .  
General Comments 

L ,  

_ .  . . .  
. .  

On the positive side, ..I 'think the 'way that, the results.generated :by.RAC.are,presented &e., 
, ~. , .  

. .  
. .  

.. , 
I .  

the figures in Section 8 of this report) is concise and useful for establishing and debating the 
RSALs for WETS. However, I find that the, report, whi1e"long on the details of the ' 

methodology for estimating the concentrations.of the radionuclides in air, lacks . a  , 
' . .  . 

. .  
. .  

. . 

' .'. -'-;domp&hensive. overview ;ad provides'iin incomplete &d',unorg+ized description of the '. . ' .. " 

.. 

. .  
:: .. methodolob used to generate the figuresh Section 8 h d  the'RSAL recommendations. The . .. , '. ' ' 

'. . ' . 

'.: 

. 

. .  . .  . . . .  

,"! ' 
.report'(along 'with the compatiiori'T&k.3 Inputs &id Asshptions.repoit) Should'live up to , " .  

effort). :I do not believe that this draft report lives up to this standard. . In addition, there a& 

'the perception &&'the report is-uno&ized:'':'I &&,:like& see'kffort.put &to 'i;e-&it&g, ...... . : '  

. .  
. .  

. the standaid'of a scientific paper whek :it is requirtid -that :the methodology 'be .desciibed :& 
sufficient detail to allow a reader to reproduce the results (albeit with a great.degree of 

redundiincies between'the T&k:'3 &h Ta&' S:reports*!&at aieknnedssiryahd cont'iibute to . .  ' . : ' . i' 
:' 

and re-organizing this report to eliminate these problems. I think it is very important for this . . 

report to be well organized and comprehensible to establish the credibility of the results and 

. 
! .  

. . .  . .  
. s . . . . .  . .  

: 

. .  
. ''&+mme&tio&.' . . . . .  1 havk~so~els~ggitionS..:1. - -  j :  :..- . . . .  . e . . . .  . . .  .~~ i .. : .. . . .  . . .  . .  ., :. . .  . .  . I  

'1 .', '.In the introduction '(or a 'new .methodology overview. section), RAC 'should :provide an 
overview -flowchart kgure -of the method used for generating the results ,used.in the :figures in 
Section 8. I think this is absolutely essential. Their Figure 6-1 is too late, too little, and too 
difficult to follow to serve this purpose:': Their report should be.org&ized ifound .such an 
.overview flowchart. (i.e., .-the' '.report ' should. flesh out * :the. .*details :-?of; -:the 
calculations/methodologies summarized in'.the flowchart 'boxes.) :-:%,In..othe< words;:the 
flowchart should serve aS 'the roadmap for the methodology'.8s:-.well &:the ditten'treport., 
From the results generated atid my understanding of similar abalyses, below.:iS'-a.~frist..cut on 

" what I think,the flowchak should look like for the Pu analysis:. Obviously,'if the Ur analysis 
was significantly different, it would need 'its own'flowchart. 'If not,.the flowchart :should be 
generic enough to describe both ahalyses. ' 

I 

' _  

I . . .  1 .  . , .  : 

>; - ,  : . . . .  . . . . . .  . . .  : I . . .  ... . .  

I present the flowchart below in pseudocode style, but it should be easy to see how it could 
be converted to flowchart form:' Obviously, it could be -streamlined a great' deal,' with 
judicious footnoting and supplementary text. I present this as an example of the level of 
detail that I think is necessary. (It may not accurately reflect RAC's analysis, but that is the 
point-- the report should, but does not, have sufficient details to give the reader'an accurate 
picture of the methodology used.) 

1) 

' .  

i=l where i the index for the initial Pu-239 +Pu-240 concentration in'soil; v u ]  7 

2) SpecifL [Puli (as a point value). 



. . . .  . 

. .  
. .  . .  . .  , , .  . .  

. .  . . .  . .  
. . .  . 

. ~. 
. .  

0 

,should {include prehensive list of ,Table 

I 

soil). 

where (RSAL-Pu), is the ResRad 

0 
11) Done with monte c 

- - - -  - -  - -- - . -  

b) average dose fractions by pathway and nuclide, averaged 

-13) Done with array of [Pu] values? If (i<Ni), ‘i=i+l kn 
(14) 

Some of us have used pseudocode algorithmic summaries in published papers, but we dislike 
flowcharts. We will consider introducing a pseudocode summary, but we have ,some misgivings. 
We are confident that many readers would find such a display distracting and skip over it. In full 

, *  , * ’  

Risk Assessment Corporation 
“Setting the standard in environmental healtfi” 
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dress, it would be rather long (probably longer than the reviewer's cut at it) and uninviting. The 
PEW scripts are in & appendix and are extensively'documented with comments. 

We do not intend to do a great deal of reorganizing of the report. Other reviewers have found 

' 

.,, : I . , .  ; i .  A , >  - ' :  
the general org+@tion adequate. 

. . . .  . *.. . I  . . , . : . _ .  . :  : 
' - ,, 

,' 2. The current Sections 3 and 4 have .. . . a . lot, . . ,.. of ,redundancies * *  .i :..:- with the Task ., 3 . report, . .  These 
sections of this report and the Task 3 repoh should be CGefuIly reviewed to elim.hate these 
'.redundancies. I .. .. If additional - de,@ils, on the 
required,' $er,e should--be,,a clear .. stateme . .  . , .  

'the details in the Task 3 repoi. . .  .. 

We generally pied ,to eliminate, redyid+cies: wit@:: 
details, however, that we thought it .might be 'helpful for 

.I report. .The isotopic .ratiosand the spatial <distributions are 

t .  

, 
. _._ 1. ' 

: . a , ,  ;... . ._ ' ' .  . , : . .  

'. . t  

'. two inputs.to the code'have a,direct bearing on the-mate . .  

. ' appreciate the reviewer's.~opinion;.but.we ,still. feel ..this  information^ is valuableiat.$e point in the , . . ' .. . .. 
. .  .. . .  

. .  
. .  , 

. .  
.I : . .. . . * .  . 

, . . . .  , 

Task 5 .report that it is presented. 
I -_ ;;;.. , . . ' 

. .  3. . .I suggest that the report be reorganized as shown below. As is, the section that . .  

use of ResRad is too late. Since the remainder .of the :report is driven 'by the . .  . 
, .  'ResRad and. its 'deficiencies for this hnalysis, the ResRad section should come first after the 

intro arid :background material. In addition, the -ResRad section ,should be substantially re- 
, e written to: 

0 

0 

include an overview of ResRad inputs and outputs (a summary figure would be nice) 
establish and-detail the need for the development of isotopic ratios and an external mass 
loading model (Le., establish the purpose of Sections 3 through 5). 

In addition, currently the details of the Uranium analysis are scattered in the document. The 
suggested reorganization improves the consistency of the presentation of Pu and Ur 
analyses. Some heading edits are also suggested. 

Suggested outline revisions: 
1 .  Introduction 
2. Background 
3. The use of RESR4D fiere the justification for the wing sections .- should be 

established) 
4. Isotopic Ratios 

4.1 For Pu and daughter products 
4.2 For Ur (move here from the current 4.2.2) 
Recent spatial distributions in soil 
4.1 For Pu-239 
4.2 ForUr 

6.1 Pu 

5 .  

6. Estimating concentrations in air 

6.1.1 Model of resuspension and atmospheric transpo rt... 



. .. . .  
. .  
. .  . .*. . 

, . . . ., . . .  
. .  . ,  . .  

. .  . . . .  
. .  
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6.1.2 Nonline ar... 
6.1.3 Resuspension ... 
6.1.4 Resuspension ... 

6.2 Ur (move here from the current 4.2.1) 

I usedto establish RSALs. 
. Considerations in selecting ... 

This suggestion for reorganization is noted. Some review on 4.2, 
o but most seemed to believe 

e, and some subsections 

1. p.iii. para.3, last sen 
. analysis whereas p. .4- 
. about this here. 

Thank you. We will 
uranium RSALs were calculated separately and not in a joint analysis. 

2. p. iv, para 2, first sentence 'For each scenario we present distributions...'. Use I .  of the term 
'distributions' is misleading and confusing. The standard and conventional ,use of the term 
'distribution' is to refer to a probability distribution function (also caiied probability' density 
function (pdf)) or a continuous distribution function(cdf), both of which illustrate 
graphically probability or cumulative probability as a function of the value of a cpntinuous 
random variable. Here, as far as I can tell the concentration in soil (or 
a s a  random variable __ and - the ..__ figures - presenting the results in section 8 
nor cdfs (thus, not distributions). -%is m<sleadingterm- 'distritTutions'--is used throughout =-= 

the document and should be corrected throughout. The phrase 'we present distributions' 
could read 'we present plots' 

A correction to the statement of the comment: the meaning of cdf is cumulative (not 
continuous) distribution function. In the case cited, one of the terms "plots" or "graphs" would 
work. There are other instances of this erroneous usage in Section 8, and they will be fixed. To 
say they occur throughout the document overstates the case. 

3. p. iv third para. Were evaluations at > 1000 years performed? If not, is it possible that if the 
contamination reached the aquifer at say 1500 years then 1500 years would be the year of 
maximum dose? In other words, could the dose from the contaminated aquifer be large as 
well as late? 

Risk Assessment Corporation 
"Setting the standard in environmental health" . 
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Our calculations limited the duration of the simulation to 10'00 years. It is possible that the 
dose from the contaminated aquifer could come later. We recoghize this shortcoming but .feel 
obligated to continue to use the 1000-year convention. 

.4. ' p. iv; p&a '4, ':.we would expect our RSALS to' be somewhat .lower than 'those reported 
. .  . . previously -by DOEEPNCDPHE'. -At this. point I w&t.to know how they.&mpare to the 

. DOEEPNCDPHE numbers. I would like to see a Table ,of DOEEPNCDPHE values as 
well as background values here to put the recommended RSAIis. iniperspective. An 
alternative to :'a'' separate table would 'be to : augment :Table GS- 1 "to include , the 
DOEEPNCDPHE values. 

~. 

.- . 

e ' 

. . . . . .. . .  

. .. 

._ .  . . . . . . : '  . . .  . .  
9 . ,. !.. , . . .  . .  

I . . ,., . . 
. . . -  

' , _;,,. : :: . ' 
. .  . )  

,':. .We'.-have had numerous requests for such a ta;ble. 'Because 'our RSALs we& :calculated 

table will likely.be lifted and used in various other media, and we w&t.to be verycikful 'about 
.what information we present in this form. We have decided not 
relationship because of concern that it might misrepresent our owh 'wo 

5 .  . p.v TabkGS-1.' for DOE-1, DOE-2, DOE-3 under column,with!heading 'Pu(wi6 fire)' and 
'Ur (with fire);key pathway', put a reference to a note which reads: 'fireconsidered .in RAC 
scenarios only'. Why are the NA's there for RAC-4 under 'Pu(with fire)' heading? Add a 
note. 

. ' , 

'i.stochasticdly &d the DOE S A L S  determinidically, compaiisons i re  difficult an'd m'isleading; A . .  

, 

. .  

. .  

. .  . .  . .  

Thank you. We plan to complete this calculation for the final Task 5 report. 

p. v first para, last line ' the RSAL value' should read 'the recommended RSAL value'. At 6.  
end of para add something like, 'This is based in the limiting scenarios RAC-1 and RAC-2 
with fire.' 

This enhancement would clarify the text, but we plan to make the final report clearer in 
terms of our intent to provide only an example of how a recommendation might be formulated. 
The final decision about a recommendation lies with the panel. 

7. p.vii. 
changes. 

See above comments on the outline and suggested re-organization and heading 

Thank you. 

I 

8. p. 1-1:, para 3, line 6: 'receiving doses high' . should change 'high' to 'higher'. 

We will make this change. 

p.1-1, last para, first line. add 'at' between 'soil and 'concentration'. In last line delete 'say 
u*LJ' . Add something like: 'In this study 238U is used.'. 

9. 

We will make such a change. 
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elete and modify to 'as the 

soil.' 

ake such a-change. 

, last para. The first sentence 

We will change the wording in the 

12. p. 1-3, 2nd para., sentence starting,!Yn,some 
contradict the executive summary p, iv, para 3. 

1 change the wording in ,the executi 

13. p. 1-3, para 4 ending with '(Sectio 
soil' to last sentence. 

We will make this change. 
~* 

14. p.1-3, para 5 starting with 'The probability curves ...I . Replace with 'The figures ...' See 
comment 2 above. This has to be corrected throughout the document. 

No. These curves are appropriately referred to as probability curves, inasmuch as they show 
the probability of exceeding the dose limit as a function of radionuclide concentration in the soil. 

15. p. 1-4, last line replace 'distribution' with 'figures' 

No. We will say "probability curves." The original intent was probability distributions, but 
the sentence was written before the final mode of presentation was settled. 

~ - - -  - - _  - - -- - ^ I  -- - - _  __ 
16. See General commen Here is where an overview flowchart and-a road map to the - 

documentation of the analysis could be presented. 

As noted in response to the general comments, we will consider pseudocode, but we will not 
use a flowchart. 

17. p. 2-1, para 3. Reference Task 3 document at beginning of para. In last para, sentence 3 
starting with 'Each scenario..' , add '(i.e., exposure parameters were treated deterministically 
in this analysis)' to the end of the sentence. 

We will make such a change. 

18. p. 3-1. Why isn't this in Task 3? It was discussed in Task 3 section titled 'Initial 
Be clear about how it adds to the Task 3 Concentrations of radionuclides' page 7. 

Risk Assessment Corporation 
"Setting the standard in environmental health" 
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' !'.' . '',' discussionl Also, in Table 3-1, there is a superscript 'a' next to the column heading ''pci'g" 
.. '. ' ' ' " that is unexplained. Is'there a note missing? .. 

. . , : '. . . .  . . .. 

. .  
. .  

We feel that the initial concentrations of radionuclides are such an important part of this 
calculation that it is worthwhile to reiterate this information at this point in the Task 5 report. This 
information is at the heart of the sum-of-ratios calculation, and it is very important to remember 

. that this calculation is inherently included in our analysis. The footnote to which the superscript 
referred was misplaced. It will be restored. 

19. p. 4-1.. A lot of the material in this section is redundant (verbatim) with sections in the Task 
' '3 report. Eliminate redundancies and if this section remains, be clear about how it adds 

tohuilds on the Task 3 material. 5 .  I I, 

Again, the spatial model of contamination is the backbone of this analysis. The information 
included in this analysis portrays the site-specificity of our calculation, and we believe it is 
impodnt to highlight it in the Task 5 report. 

20. p. 4-10. Section 4.2.2. Move to Section 3. 

The point here was to put the special case of uranium in one section. The entirety of Section 

i. 1 

4.2 might be better placed somewhere else, but we have doubts about splitting it up. 

21. 

22. 
. .  

23. 

24. 

p. 4-1 1, first two sentences. This is important in interpreting results. Make this point clear 
in the executive summary. 

We will make this change to the executive summary. 

p. 5-2, Table 5-1. It would help in reading this table to do something to differentiate heading 
levels either with larger indents or some formatting. 

We agree with the reviewer about the format of the table and will try to make it clearer. 

p. 6-1 first para, sentence s&ing "It is reasonable to apply ...' After this sentence, refer back 
to Section 5 with something like: 'The purpose of Section 5 was to develop such a mass 
loading factor model for exposure locations within WETS.' Ideally, document should be 
reorganized as suggested in my general comments and this section should be rewritten to 
establish and detail the need for the development of isotope ratios and a mass loading model. 

We will consider this enhancement as a part of the reorganization. 

p. 6-2.Figure 6-1 . See general comments. This figure should be revised to be compatible 
with the overview flowchart or ideally, it should be incorporated into the overview 
flowchart. 
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e kwill see what (if anything) can be done for @is s 

be revisited. This change would -make 
emainder of this section. 

this section. We will rearrange the introduction to this section as suggested by the reviewer. 

27. Section 8, All Figures, it would be nice to mark the DOEEPNCDHPE RSALS on the 
figures. ~ 

For the scenarios DOE-1, DOE-2, and DOE-3, we recalculate the RSALs based on our 
stochastic methodology. It would be misleading to represent the deterministic DOE values in this 
context. 

28. p. 8-3 Table 8-1. Are these averages over all realizations and initial Pu concentrations? 
- .  

- - _ _  - - I Thiz should be made clear 
, RAC develop, . 

the text as well as in flowchart of the analysis that I suggest 
~ - - -  _ _ _  _ _  - - -  -- - - -. _ _  - - - - 2  

.2 - - c - _  - ----- 2- - .- - 

I .  The information in the table are not averages over all realizations but the output from a 
single realization. Obviously, the proportions would change somewhat between each realization, 
and in some cases, the order of importance would change. We will change the tables to represent 
the fraction of dose by pathway as determined using the nominal values (or a predefined set of 
values) for the various stochastic inputs. 

29. Appendix C. I did not review in detail, but note that it would be useful to note the 
background concentrations in the executive summary for comparison to the recommended 
RSALs. 

We will add this information to the executive summary. 

Risk Assessment Corporation 
"Setting the standard in environmental health" 
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ppendixiE. This is an interesting discussion, but I did not see it referred to in the main 
report. Is it? If not, it should either be eliminated or referred to in an appropriate location in 

- - -  - -  

e 
mains, it should be cleaned up. 

ndix on page 7-5. Other references will appear when we add a 
s:. + . <  - 

comparison between a lifetime risk criterion and a maximum annual dose criterion. 

ed.: I s  it 'risk of a fatal radiation cancer, risk of 
. -%In :first.para;"seritence 2, is- the 'lifetime 'tisk:.of 3x104 

efficient.of 3~10-?~rem-'~khere risk is defined 
ould read '...lifetime risk of about 3x104 (EPA . .  

. .  . .  .. . _ _ . .  + .  

. .  . .. . . . * .. * .  .. , . . .  

radiation exposure.' The 'text will be clarified 
. .  

. .  . ,.; ' . . _  

g 'This risk is now....'. Whyare the citations 
itation. Comment on this in the document by , , 

e risk coefficient (ICRP 1991, etc) have 
d the risk coefficient is now estimated to 

. .  

. .  . 

. 2: 
" It is the risk coe&cient (the risk per unit dose) for exposure to .low-LET radiation that is 

. 'recognized to be 5 x Sv-'. The EPA (1997) has stated that an individual effective dose limit 
.' of 1.5 mrem y.' is equivalent to a lifetime risk of fatal cancer of about 3 x lo4. The text will'be 
xz revised tii brei& the two piides of information more clearly. . . 

- .  , I _  . . _ , , .  
. I  . .  . -  . . . .  . . .  . . . .  . _ . . .  . 

. .  
33. , Appendix E, End of the first para sentence starting 'We will assume...'. Why does RAC have 

to assume anything about the risk as at the target dose? Their whole analysis is dose based. 
. - Eliminate this sentence. 

Although the analysis for the RSALs is based on dose, Appendix E provides a commentary 
on the risk that an annual dose limit of 15 mrem represents. The sentence in discussion provides a 

~ risk estimate for 70 ye&s of exposure to 15 mrem every year based on the risk coefficient for 
o w e  to low-LET radiation (5  x -lo-* Sv-') with uncertainty estimates. 

ii 34. Appendix E, last para. Add com'ment on Ur. Is it uniformly distributed and therefore not in 
need of a discussion such as the one presented for Pu here.? 

No comment was provided on uranium at this point because, as the text makes clear, 
L -  uranium is a lesser problem than plutonium. Also, we do not have readily available information 

on uranium risks that is needed for a precise evaluation as we do for plutonium in Grogan et al. 
(1999). 
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, ; . ReviewerE . 

evious reports by 
. .  

se authors, this is a well prepared and 
mostly excellent draft. I have only a few major comments, these center around (1) the 
relevance of the scenarios that are valid for only a few years, (2) the validity of the dose 
limit for the industrial scenario, (3) possible wider application of the scenario incorporating 

for .the choice of the probability level for 

riteria 

ational Contingency Plan (NCP) for 
15 mredy  dose criterion used in 

scenarios. This risk criterion is specified as lo4 to lo4 lifetime 
(I)(A)). The relevant time frame for consideration of an annual 

two of exposure at 15 mrem/y 
.) In deriving the 15 mrem annual 
s already incorporated the risks 
ding those during infancy and 

childhood. For this reason, it is neither necessary nor appropriate to derive separate RSALs 
eve1 of the lifetime risk criterion 
ed for infants or children would 

result in lifetime protection at risk levels below those required by the NCP risk criterion. 
Fortunately, for the results presented here, since the RSALs derived for these special cases 

2 are the same or higher than those for adults in corresponding scenarios, this misuse would 
,not occur. However, for accuracy and consistency, these inappropriate scenarios should 

I I > ,  either be dropped or j t noted as consistent with the results for adults, but not necessary to 

c - _  _- 
In the .final d rag  we will present RSALs based on a maximum lifetime risk criterion in the = 

.range lo4 to 10“. We ,will introduce factors that will represent integration of the annual dose 
over the lifetime of an individual, taking into account variation of source, and in particular, the 
ear or so following a fire, considering that the exposure might be greater than in previous or 

sequent years. This will (at least approximately) resolve the question of using as a criterion the 

As to the age-specific scenarios, we appreciate and understand the comments of this 
reviewer on the subject. Although we plan to present lifetime risk calculations in the final report, 

*,we did begin this project with the directive that our criterion for evaluating dose was anannual 
limit. of 15 or 85 mrem. We then proceeded to select scenarios and parameters that were 
meaninghl and important for us as researchers and for the panel. The child scenario is necessarily 
one of these, and we plan to leave it in the analysis. 

. 

se for one year at the 15 mrem level. 

Risk Assessment Corporation 
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What we will endeavor to do is to 'explain: within the context of the child scenario, the 
rem dose criterion and the lifetime 

. .  . . 38 ' .  

. .  . .  . .  
. .  

, .  

f - < *  . , .  . ' . , I .  . .  

.. " . dose criterion in the original DOE report that set out the scenarios designated here as DOE- 
. 

:; . 1, -2, and -3. As noted before, the 85 mrem/y dose criterion was proposed, by EPA as a 
. .  . ' ' _  - .  supplementary upper bound on the possible exposure of individuals'in order to assure a 

. minimum .level of protection in the event of unanticipated failure of institutional controls, 
: . .  .. ' not as an altemative dose limit. Fuither; such fail as 'expected' noinially to be 'of short 

w& assumed to be corrected when identified. The criterion was not 

e DOE scenios '  noted. above) and it was 
a1 .standard,' 'as'it. is used. in the RAG4 
nt ,risk :(or iiloSej criteria for individuals 
c after ,a. site 'has been cleaned 'up. The 

er that ~perhi~ed"any member of the public would 
ion'in'which the worker 'is exposed-to-be.the result of licenses 
s a pd;t of the work.product. Of courie, at an industrial site, it 
t"of.:the decreased residency of a .worker, as wai ,done in 
dose criterion 'that should be applied in RAC-4 is 15 mredy, 

note that,' in the current,directive under :which EPA regulates radiation 
iDirective;No. 9200.4-1 8; August 1997), the 85 mrem/y criterion has 

is a s s h e d  to be unneccessary. 
Se Criterion,( 15 mrem/y) would appear to reduce the RSAL 
'fire) to ,140 pCi/g. However, it also is not clear why this 
e c b e  of a.fire. Surely ab iridustria1,activity could continue 

RSAL would appear to approach a few tens of 
set by the other scenarios. 
o f  iuiy industrial '-scenario depends on the .guaranteed 
ional control: It remairis not obvious to this reviewer that 

ctiveness for;the ,necessary institutional control 
the "Rocky'Flats Vision" for assurance of such control. 
r keview. However, a."vision" is not a legal commitment, 
diate term land uses and,'more significantly, the absence 
'use (e.gl in the last paragraph on p. 6-15 of the DOE 

the: state .of commitments . . .  .for and assurance of 
in:'the htbre is very unckrtain. If the lead agency 
not provide 'reasonable ,assurance of maintaining 

. .' effective bistitutional .control for 1000 .years, 'then consideration would have to be given to 
cleanup of the site to 15 mrendy under scenaiios that'do not depend on the presence of such 
control. Obviously, if the RSAL for industrial use is found to be close to the for unrestricted 
use, the importance of such. a consideration is greatly reduced. 

a .  

. .  

. _  . . .,,;.:.. .. . ' .  . 
. .  . .  . 

. .  . .  :;ifiStihtioiial .&kOls are assumed 

. .  
' .  

.. . 
. .  . . .  

. .  
. - .  

. .  

. .  

. . .  ; . .  

... . 

' 

. . . . .  
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d the fire will be incorporated 
~ 

I 

~ 

I 

I 

d to the concerns discussed under heading (1) above. 
e,(not as a surrogate for climate change as suggested 
r only a limited part of a normal lifetime- perhaps a 

The fire event, occurring (or not) sometime in the next 1000 years, will be incorporated 

troduces.major uncertainties, and &e prospect of climate change to an arid regime that would 
Is0 enhance resuspension in ways .unforeseen by our analysis of the year-2000 case must be 
cknowledged. We must be content topmention this in the recommendations rather than to treat it 

analytically,in,this report. Development of credible scenarios of climate change and probabilities 
rces that are not available to us. 

----- - _2---- - - - - - - - -  _ _ _  - -  

4. Basis for the recommended-probability level for compliance 

f between 5% and 10% for this level, but provides no basis 
sents a consensus among M C  scientists.” We respectfully 

ce c& offer only a definition of the range and 
a probability’ of compliance criterion. However, 

policy support for just those values (the scientists did choose 
opinion shouldn’t carry any special weight!). Under 
this case, the RSAL is intended to assure protection of 

the “Reasonable Mmimum Exposed” (RME) individual. The following quotes are typical of 
EPA guidance on this subject: 

“...actions at Superfund sites should be based on an estimate of the reasonable 
maximum exposure (XMX) expected to occur under both current and suture land use 

Risk Assessment Corporation 
“Setting the standard in environmental healW 





sembling 'a space of scenarios .over time' that would credibly exhaust the .universe of 

11 of the scenarios for the final report. 
I <  

_ j .  

p. iv Use of separate RSALs for 23*240Pu and 238U only is an excellent approach that appears 
ion is also a major 

0, believe it to be well- 

- -  - _-_ - - _-- ._ - - - 

cenarios and-the RAC-4 scenario - 

included or a convincing 
1 '  

- L 1 . .  

final report. 

..... 

. .  

L" 

" .  As implemented, , r f  fhe current level of exposure applies only to the first year considered 
(2000), since (in the absence of a fire) that is the time of maximum exposure for Pu (though not 

Risk Assessment Corporation 
"Setting the standard in environmental health" 
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. . .  ' iie&siAiili'f& ri).'*If .i, wii-iiikorpd 
. a$o&ed "With, ,the, fire w:y~d;; ,, 1 

spension flwr was required-,eve 
titioi .df thk"iinh+tion ;ipd 

. ..RESRqD,>when applied to& DO 

. &centration. .. However, ' the;.develope,m .. .themselves 'urge'. .users:.:.to .. :appfyr- .available . air 

'. &SRAD 'iesqspens 
&&ed most of ,the work. 

, , $ ~  . . 

dose . conversion .;:factors.. Land f 
resuspension model; .which is. based. on.-more. .realistic models, :decreases the 'estimate :ofithe air 

doncentration data in ofhe i. progrq's.predictions. . . That is*what we"have.done, b p a s h g  the . '. 

. . . . .  .. . . .  

' 

odel. The '&alysis '0 
. .  . . . . .  . -,"; .::, & J . . > ; ,  ; ,.., . I .  1 :  .: . .  ' . . 

. .  
. .  

. I . .  ' . .  

.: Thanks to .the .reviewer for this .end 
scenarios was pivotal to the success . .  ofthi 

2-2 The use of a Monte Carlo interface for RESRAD to estimate dose distributions is 
commended. 

. *  h . a  . , .  I -  

. . ?  ., .: . . .  
This 'Monte &lo interface was a required'portion ofthe project,' bui it 'does significantly 

, , c.. . . . .  I .  
. V I  . . L  ... 1 . .  . .  . .  

. .~ .. . .  
I 2. . , . _  . .  

enhance the presentation of results. , ..,. ,. , !c-I . 
I . I .  

. . .  
4-9 We continue'to , I . :  be 'pv led  . . /  by I .  the . . ,  fa  

4) below Hwy. '72 have average valu 
shown in the figure. (We count . .  only 
7 pdiit '10- 100' ~ & i .  what i re  we" 
obtained using the model described 

. . .  ... . , i . .). ' . ,?.!. , .  . 
As,noted iri the text, some ofthes 

~ I u.>' >. ;.: 
would not confom 'to'the model of 
noted near the junction of Highway 72 and Indi 
923-935, 1995, . . . . .  who offered. no explanations. The model is based- ? . I : . .  on radial ... power-fimction fits 
from the 903 Areq-.of whichthe grapks in Figure 4- les. We would'be 'pleased to see 
all, of fhe soil data reexqined ( 
'have required too'much'iime to 

distribution 'model, which would imp 
. . .  was not possible within our time constiai& 
indicated by the' scatter 'in the, graphs 'h Fi 
judged by the model's mission: This is'a s 
point estimates at specific locations, but it provides a basis , _  for integrating resuspension . . . . . . .  fluxes 
over large areis for calibration. Point pridictions of iconcentration must be interpreted .., , i  as generic. 

..<* ai :  .,:.. .'.,fi . . . ,  ........ 

different 'smoqth& . . . . . .  .technique (e.g 

. . . . . . .  . .  . .  . .  . . . . .  . .  . ? .  , 
I ,: I . . .  
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4.2.2. (Inverted order, and incorrect negative exponent). 

“Development of- a Second-Generation Mathematical Model ifor Urban’ ’Air Pollution I,” 
Atmospheric Environment2 16, pp. .679-696, 1982). The roughness height is approximately 1/10 
of the height of the obstacle, which would correspond to grass 0.5 m tall, about knee-high for a 

I 

,. 
I 

7-2 ‘As noted earlier, the discussion in 7.1.1 should be expanded to include the CERCLA 

We fully concur with the recommendations in 7.1.2 concerning significant digits. 
In section 7.1.3 the considerations noted above regarding climate change $might be 
introduced. 

. .  7 -  

The discussion in 7.1.1 will be expanded, and climate change will be mentioned in 7.1.3. 

7-3 In section 7.1.5 some discussion of the regulatory policy basis (see above) for selection 
of this value would be more appropriate than noting scientific consensus. 

We will proceed along the lines recommended by the reviewer in general comment #4. 

7-4 Section 7.2.3 should be omitted since it only confuses the issue. Neither of the limits 
cited are comparable, since neither applies to the cleanup of this site. The ICRP 

Risk Assessment Corporation 
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recommendation applies to prospective operation of practices and is not legally 
applicable in this case. Although the Clean .Air Act limit applies to7this facility, it 
addresses only the air pathway, and is not a cleanup standard. 

These points are well taken. We will consider deleting this section. i . .. . 

7-5 Section 7.2.4. Although we have not reviewed the work of Grogan, the calculation 
appears to be based on the use of effective dose. Such calculations are suspect, in part 
because of uncertainties in the weighting factors used. A more reliable estimate may be 
that using the uncertainties given in the just released Federal Guidance Report 13, 
Cancer Risk Coeflcients for Environmental Exposure to Radionuclides, EPA 402-R- 
99-001; September 1999 (FG 13). Using that reference we calculate a lifetime risk of 
0.6 x lo4 for an inhalation dose of 15 mredy  from Pu-239;using theddose coefficient 
of 0.059 mrem/pCi employed in this report (Task 3, p.10). This risk fall clearly within 
the EPA acceptable range of 10“ to 10“ lifetime risk. 

part because they also rely on use of effective dose. In particular, the discussion in the 
first paragraph regarding the risk associated with the 15 mredy  should be based on 
radionuclide-specific risk calculations that do not depend on the use of weighting 
factors. Useful discussions of this problem are found in FG 13 at pp. 1,2 and pp. C-22 
to C-24. In the example given, thorium-232, .inhalation risks derived using effective 
dose are 4.3 time higher than those calculated using the direct risk calculation 

Finally, the last paragraph of Appendix E is not relevant to cleanup of man-made 
contamination, and should be deleted - the comments is gratuitous: a numerically 
almost identical comparison could be made of the ICRP recommendation for radon and 
their recommended limits for individual practices, and it would be equally irrelevant. 

‘ 

We note in passing that some of the comments in 

employed in FG 13. - .  

* .  

The calculations in the work of Grogan et al. (1999) are not based on effective dose. Organ- 
specific dose estimates and risk (estimates were determined. No use of weighting factors was 
made in the analysis. Thus the concerns of the reviewer, although legitimate,’ are unfounded in 
this case. 

We are obtaining a copy of the recently released Federal Guidance Report 13, Cancer Risk 
Coeflcients for Environmental Exposure to Radionuclides, EPA 402-R-99 1, September 1999 
for review. e .  

We agree that the statement in the last paragraph of Appendix E is gratuitous, but because 
else where rigid risk limits seem to be expected it is necessary to point out that this is not always 
feasible and radon is a case in point - good radiation protection practices can be recommended 
nevertheless. 

9-1 In Section 9.1, the sentence ‘Wo institutional controls have been taken into account, so 
the dose limit is 15 mrem/y,” is puzzling and potentially troubling. The dose limit is 
always 15 mredy,  whether of not institutional controls are present. The only change 
under the old proposed EPA standards for the case of institutional control was the 

11 - .  

. .  
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. . -  . .  ”- 

This language will be changed. 

. recommendations. It 

RESRAD is tricked into using a local aidsoil contamination ratio that.is2based on exte,rnal 
calculations that consider the existing nonuniform sp ibution- - of radioactivity. If- the 
spatial distribution changes (e.g., by partial remediation); /soil contamination ratio changes, 
and this change will be reflected in the estimate of a soi1,action le 
action level is not uniquely defined. The magnitude of the aidso 
may be unimportant, but the lack of a clean objective definitio 
RSAL is whatever this algorifhm produces. 

We appear to have a philosophical difference with the reviewer. We believe that hazard 
indices such as soil action levels should be applied only in very restricted and well-defined 
circumstances. Others seem comfortable in trying to extend> their use ad hoc to far more 
complicated settings (this trend has been going on for more than 25 years and has been’promoted 
by the agencies). We are doing our best to assist in making such an extension work, but we have a 
lingering concern that people may be reading properties into the soil action levels that they do not 
possess. 

- _ -  _ -  
. .  

. . . .  

. . .. 

. .  , .  
* .  : . .  

. .  . .  . .  
. .  

. .  . .  . .  
. . .  

Risk Assessment Corporation 
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I 

. (  . . . :  
_' OTHERREVIEWCOMMENTS . - .  '- ..+ 

. . . . . . .  . . . . . . . . .  . . . .  . .  
, . . . . . .  

. . . .  . .  
. .  . .  

Brady Wilson 
. . . . . . . . .  General 

~ .1. ' The purpose of this.report is, clearly; to remmmend soil act'ion"leve1s for.the Rocky Flats 
'Environmeripl Technology Site (RFETS) and :to explain -the basis for the recommendation. 
The report also 'outlines other .considerations to'be taken into ,ac&unt when stakeholders, 
regulators, and the DOE select the official soil action levels. . . .  . . . . . . . . . .  . .  . . : . :  . .:::. . ;: ;*.-:., ' - , ,  ' . . _ .  . 

2.. . I applaud Risk Assess oration (RaC)' for outlining iailist of-consid ions for the . 

selection of an official soil action level. 
, .in%o'rmativei I appreciate the"1isting of considerations .that -we 
' ~ 4 ~ s  part in the sklection process. 

I found the .list to be comprehensive and . .  . : 

. . . . .  
.~ 

. . .  
. . .  .,,,: _.. . .  : .. . I .  .! . . . . . . . .  . .  . .  , .  .: ,.  . ,. , 

3. I. I also applaih M C  for their tiaiculati6n of spil itition levels 

' a soil'action level in that' there iire'cuiiently ranchers living ' 
. ' vicinity of RFETS. ' . '. 

offsite 'rancher at Indiana Ave." This paiticular calculation is very relevant to:the selection of '.. 

working . .  in -the immediate 
, . ,  . . . . .  . .  , .  . .  . .  

. .  

. . .  . . .  We thank the reviewer for all of the above comments. , .  
, 

4. I found that the values reported by RaC, for a 10% probability of exceeding the dose limit, 
are comparable to the values reported by DOE/CDPHEEPA in 1996 for the same scenario 
and dose limit; except when the modifying factor for the effects of a fire on soil 
resuspension is applied. 

Not just the modifying factor is different. The RAC calculations and the DOEEPNCDPHE 
calculations are fundamentally different because of the inclusion of the stochastic methodology in 
the RAC calculations, the change in dose conversion factors, and the resuspension model. . 

5 .  Although I agree that the effects of a fire on the resuspension of soils need to be considered, 
I disagree that the same rate of resuspension would exist for an entke year. Assuming that a 
fire occurs during a dry year and at an inopportune time in that ye&, it is not unreasonable to 
assume that the vegetation may not have an opportunity to re-establish itself to full quality 
within a single year - although, it is likely that within that year some re-establishment of 
vegetation will occur. Leaving that aside, soil moisture &d snow cover within any given 
year would reduce the resuspension rate. The factor of 200 used to represent the occurrence 
of a fire should be reduced to some extent to reflect the periods of reduced resuspension 
during the wet months of the year. 

There is, of course, room for considerable refinement of the fire scenario, but it involves 
more effort than we have had the time to undertake, and data that we know about are insufficient 
to provide a convincing range for the flux parameter. What we have presented in the draft is a 
rather crude formulation with very large uncertainty. We have reformulated the fire model, and it 

. .  . .  . . .  . .  
. . . .  

. .  
. . ' .  

. .  . :. 
. . .  

. .  . .  
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will be applied probabilistically to all scenarios. 
different bum areas and o@er mitigating factors, such as r e g r o w  time 
subjects from the burned region. It does not co 
regrowth due to drought. 

S omments 

1. 

~ .I. * -  _- 1 

. . .  
Page 1 - 1 , Fourth Paragraph 
Recently reported elevated values in surface water at a point of evaluation in the Industrial 
Area indicate Pu: Am ratios 0th 
due to a source of Am in the Industrial Area, but @is has no 
Group. meeting). The 
always constant. , 

We are not assuming that the ratio of plutonium to 
assuming that we know something 
on the ratio measured in the early s 
until a starting condition is defined (in our case, the year 2000).1RESpAD continues this 
radioactive decay throughout the course of the calculation. H 
such anomalies as the one cited. 

2. Page 4 - 8, Section 4.2.1 
This section should be moved into Section 5 of the report. Only information concerning the 
spatial distribution of uranium should exist in Section 4. 

.. 
We are considering some rearrangement of the report p a result-of the comments of 

reviewer D. 

3. Page 4 - 8, Section 4.2.1 ( ( 8  

This Section outlines a method for determining the U concentration in air that differs from 
that used for Pu. This Section should contain more discussion as to why the-different _A - ~ -- - ----= - 

ingused for-U, and whythis methodolo&is inadequate for Pu. ~ 

__ z _-= - -~ _ _  

Plutonium contamination is much more widespread th ium contamination at Rocky 
pots. vis i s  identified in a Flats. We cannot, therefore, treat plutonium contaminatio 

sentence immediately preceding section 4.2.1 

4. Page 4 - 10, Section 4.2.1, Last Sentence 
200 * 35 pg m-3 = 7.0 * lo3 i g  m”, correct? 

Many adept reviewers noticed this mistake, and we are grateful to them. 

5. Page 8 - 3, Section 8.1.1.1, First Paragraph I 

Computationally, the 1 15 pCi/g value reported by DOEICDPHEIE6A in 1996 is comparable 
to your 170 pCi/g value because they are both sum-of-the-ratios values calculated for a 15 

Risk Assessment Corporation 
”Setting the standard in environmental healfh” 
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: ' -  . mrem dose limit for the same scenario.'. ' -Likewise, the 1996.'value';of ,651 pCUg is 
' :iiompuizitionally comparable to your 960 pCi/g value for an 85 mrem dose limit:' . . , ,  . .  ~ . j 

. . .  . . . . . . .  . .  .... . _  . .  - .  , .  . . .  , .  . .  . .  

As noted above, the comparison is not as useful as one might first think. Several thingswere 
done differently, and some tend to cancel others. Recent inhalation factors and a different 
resuspension model reduced the inhalation component, and recent ingestion'factors'increased the 

.ingestion component. The fire was not considered, but it will be incorporated into all scenarios 
for the frnal report. . . .  .. 1 ., , 7 .. . .  

. . . . .  . . . . . . . .  . .  . .  . . _  1 .  

. .  . . .  . . . .  
1 . .  . . ,  *> . .  l.6. ' Page 8.- 5 ,  Section 8.1.2.1, Second Paragraph ': " . .+. i . 

. . . . .  ..- ' :. . . This paragraph'discusses -the ,15rnrem dose limit .distributions for'Lthe open space scenario 
. .  

. , 
-but the graph' shown on'the previous page shows'the distribution.for the 85 .inremdose limit. . .  

. .  
The distribution for the 15 mrem dose limit should be added to the graph, 'or .replace the 85 
mrem dose limit distribution. . .  . .  

. .  

. . . . . .  . . .  . . .  . .  . .  , . . :  , 

. . .  . . . . .  . , .. 'j : 5'. I., . . .  . . . . . . . . . .  1 _: .. ..+::. .. g. .. 
- '  :. . '  . We will show both calculations in the finaheport. 

' '7. . Page 8 - 7, Section 8i1.3.1, First Pimigraph 
' . ' . This paragraph discusses the'15 -9;ld 85 mrem dose limit distributions 'for the office worker 

scenario but the graph shown on the previous page shows the distribution for the'85 mrem 
dose limit only. The distribution for the 15 mrem dose limit should be added to the graph. 

As previously noted, we will also show the 15 mrem calculation. 

Page 9 - 3, Figure 9 - 2 
RAC should consider .adding the distribution for the offsite rancher scenario without the 
effects of fire to this figure. 

... 
: ., 

. . .  

.. , _  . ' ! , ,  . r ,. 

. . . .  1 2  . . .  . , I . -  

. .  :. . 
I . '  . .  

. .  

. . .  

8. 

Instead, we are incorporating the fire probabilistically into all scenarios. 

Bruce Dahm 

1. Page 4-10,4th paragraph, last sentence: 
It appears that a typographical error was made in the mass loading factor for the fire case 
(200 I 35 4 g  m") is 7 I io3 q g  m-3, not 7 I io5 m g  m-3. We suggest simply stating 
this value as 7000 4 g  m-3 for ease of comparison to the TSP baseline value of 35 4 g  m-3. 

This was a typographical error. We thank the reviewer for pointing this out. 

LeRoy Moore 

In general, the Draft Report for Task 5 is a thorough, well-done culmination of the work of a 
year, but I do have questions. Most of my comments are about details, a few raise more 
substantive issues. All comments are presented according to specific pages of the draft 
report. 
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1. 
I . - -  - 

p. iii, line 7 of second para: Shouldn't words "should be considered'' be changed to "is 
required"? On line 8, shouldn't "predicted" be changed to "specified"? If not, please explain. 

We used the phrase "should be considered" to reflect the many decision-making processes 
that go into selecting a soil action level. Just because we calculate som 
necessarily mean that that value dictates the cleanup standard. As we point 
report, many aspects of decision-making are involved. We present our calculation as an example. 

protective by means of our calculational tools. By our definiti 
than the soil action level 
the designated limit. 

The word "predicted" is used to indicate that we predict a concentration in soil that would be 

t !  

2. p. v, first sentence after table uld read 10 pCi g-' "of soil. 

We will adapt the sentence to more clearly state the app 
\ b' 

3. p. vii, give a section number and page number for References. 

We will make this change. 

p. 1 - 1, third para, line 6: Shouldn't "should be considered" be changed ,to "is required"? Line 
7: Shouldn't "predicted" be changed to "specified"? (see note on p. iii 

We used the phrase "should be considered" to reflect the many decision-making processes 
that go into selecting a soil action level. Just because we calculate some value does not 
necessarily mean that that value dictates the cleanup standard. As we point out in the Task 5 
report, many aspects of decision-making are involved. 

The word "predicted" is used to indicate that we predict a concentration in soil that would be 
protective by means of our calculational tools. By our definition, a concentration in soil higher 
than the soil action level we "predict" by means of our calculations would result in a dose above 

4. 

5 .  p. 4-2, second and third para: Check the dates in the several references to Krey and Krey et 
al, esp. the 1974 date which does not appear in the references. 

We could not locate the error to which the reviewer refers. The references in the reference 
list are Krey 1974, Krey and Hardy 1970, Krey et al. 1976, and Krey et al. 1977 in that order. 
This is the appropriate order for the reference list. They are called out accurately in the text. 

6 .  p. 4-3, text immediately following the table: Nothing corresponding to the "computer 
archive" appears in references either under CDPHE or Litaor. 

This archive consists of the data given by Litaor to the CDPHE in electronic form. We will 
insert some sort of reference in the reference list to define this data set, or possibly the data will 
be cited in a footnote. 

Risk Assessment Corporation 
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' . 

. .  

7. p. 4-5; 'four lhies fiom bottom: Define "power functions." . 
. .  I 

. , i . . , '  . . . . .  . .  . .  . .  

, '  

'8. . . .  '.,,p: 4-8, second,par&'second from last line: Spell "exercise." 

. We will 'include the definition of power functions that we used .in the Task 3 report. 
. . . . . . . . . .  . .  . . .  , : . ' ' . -  . .  , , .. 

1 .  

. .  . . . . .  - 1  . . .  . I  
. .  . .  . .  

- . ,.., , . ' . si . , . . , .  
,,.. 

. . . . .  'Thanks'to the reviewer for 'noting this error. . .  
. . . .  .. . . . .  . .  . . I  8 . ;  ? .  

' sygp.  :% ' I  

. .  
. 

". . 
p. 4-10, second para, line 4:'Explain "TSP" or at least list it in the references; it appears in 

'-references to h'appendix on p. 'C-25 but not in references.to this portion of the text. ' ' -  
. . .  . .  . .  . . .  . .  8 .  

. .  
TSP stands for total suspended particulate. We will note this in the report. 

. . .  . .  . . . .  .. :. 

10. p. 4-1 1, first line: Spell "The." 

Thanks to the reviewer for noting this error. 

11. p. 5-13, lines 2-5: The assertions regarding air monitoring efficiency at Rocky Flats are 
questionable. W. Gale Biggs has repeatedly criticized the location of monitors as well as 
their efficiency in capturing particles of some sizes, including particles most susceptible to 
resuspension. Harvey Nichols, who has made similar criticisms, also indicts the type of 
monitors used at Rocky Flats; he advocates monitors that move into the wind and that can 
vary intake flow according to wind speed. It seems to me that R4C should either recalculate 
the monitoring efficiency or state explicitly that the calculation it makes ignores certain 
criticisms regarding the validity of air monitoring at Rocky Flats and is based on the 
sampling methods historically employed at the facility 

' 

As a part of the Historical Dose Reconstruction at Rocky Flats, an extensive study on the 
monitoring and particle collection capabilities of the Rocky Flats high volume particulate 
monitors was carried out. This study, referenced as Rope et al. 1999, carefully looked into all 
aspects of the historical Rocky Flats air monitors and accounted for their inadequacies. These 
inadequacies have been taken into account in this work as well. 

12. p. 5-14, line 1 of text for Figure 5-5: Should the reference be Rope et a1 (1997)? 

The reviewer is correct that the references do not match from the report call outs to the 
reference list. We will insure that the most recent version of the Rope et al. report is referenced 
and called out throughout the report (the one from 1999). 

13. p. 7-2, item 7.1.1: Would it help to add the phrase, *Ithe potential maximally exposed 
individual"? 

The phrase recommended by the reviewer is one that is commonly used in regulatory 
guidance, and, for that reason, we choose to avoid using it here so as not to mislead the reader. 



5 1  

- % -  

m 7.2.4: The reader should be referred to Appendix E. 

er to Appendix E in the section. . 
p. 735, item 7:2.7: The criterion,."At what soil action level would you be willing to move 
into the area and live on the property that has.been remediated?," is certainly ad~mirable. But 
it is not the same thing as "public acceptance," as is implied in the heading of this section. 
Members of the public may accept an RSAL of 10 pCi/g of soil for Pu without being willing 
to.move onto the site. In June 1995 the broadly representative Rocky Flats 
Working Group produced a consensus recommendation that ,Rocky Flats sho 
to average background radiation levels when it becomes fiscally and technologically feasible 

1ishA.this in an environmentally sensitive manner (the Citi 
y adopted this same recommendation). An RSAL for Pu o 
.04 pCi/g average background level often cited for Pu in soil along the Front 

Rapge in Colorado (the RSALs adopted 
Pu of 0.038 pCi/g). From the perspect 
MAL adopted for Rocky Flats must 

closer to the long-term goal of cleanup to average background level. 

Many of these considerations are ones that we cannot deal with in our analysis. We will 

psu,med an average back 
e above-mentioned rec 
as an interim standard that needs to be 

I _  accompanied by a pledge of ongoing research in remediation to move the Rocky Flats site 

consider making the heading more consistent with the text, however. 

16. p. 8-3, line 2: Shouldn't the number be 1429 rather than 1432? 

We thank the reviewer for noting this error. 

17. p. 8-3, third para: The text states that "our RSALs include the sum-of-ratios calculation 
whereas the DOEEPMCDPHE RSALs do not." Why not use their sum-of-ratios numbers -- 
that is, 65 1 rather than 1429, and 1 15 rather than 252? They do provide these numbers. 

%e staFem&t in &edra& is Gong 
- ~ 

~ ~- - - 
~ - -  

e R S A L s  calculated DOEEPNCDPHE (1 996) in 
their Table 5-2 were calculated by sum-of-ratios as an example. As explained above, for several 
reasons these numbers are not comparable to our calculation, and when the fire is included in all 
scenarios, the difference will likely be greater. 

18. p. 8-5, item 8.1.1.2: Isn't it the case that the open space scenario was not used by DOE et a1 
in adopting RSALs in 1996? That is, this was not for them a "limiting scenario." Shouldn't 
this be stated somewhere in the discussion of this scenario? Perhaps the best place is in the 
conclusion, but it might also be well to state it at the beginning. Also, is this paragraph 
misnumbered? Should it be 8.1.2.2? 

The paragraph was misnumbered. We appreciate the reviewer noting this error. As to 
whether this was a limiting scenario for DOEEPNCDPHE, we simply reanalyzed it as required 
for this project. We have not made statements as to the interpretation of the scenarios in the 

Risk Assessment Corporation 
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previous DOEEPNCDPHE document in any of the other sections; we merely present the 
DOEEPNCDPHE results in each section as they appeared in the previous report and accompany 
them with our new calculations. 

. . .  
.:. :19: 'p. 8-7,~:item18.1.3.1: Again,'DOE et al-did not use the 85.mrem dose for the office worker as 

C misrepresents their work in including the-'6200 pCi 
1 .  

. .  . . . ' . .  . * . .  i . .  

numbers: calculated and reported in DOEEPNCDPHE 1996. 
eknterpretation in that document. ' 

elete "about"' ibd .say "the R S L '  for 239Pu, rounded to the 

. . , ,  
, 

. .  . *  . ' (  . . : .. . .  
. .  . . .  , -  . ,. 

. .  .. 
I .  . .~ 

.values to the nearest 10, we are merely .identifying the 
ave the'text as it stands. / '  

. .  . .  

I .  
. ,  
... 

n. Ditto for p. 8-17, final line; p. 8-25, final line; 
. .  , .  

. .  ' '  . ' , '  p. 8-28, final line :,' ' 

. .  
. .  

,"?; 
' 

. identifying the calculated 540% RSAL values. We will leave the text as it stands. 
' At &is point in 'the 'text, we are not rounding the values to the nearest 10, we are merely 

22. p. B-2, para 1, line 5: Insert "by" after "measured." 

We thank the reviewer for noting this error. 

23. p. B-2, para 2, line 3: change "its" to "it's" or "it is." 

'We will make'this change. 

I ,  

24. p. C-20, final line of fmt  full para: Can the data provided be translated in pCi/g, perhaps in a 
footnote, since this appendix is a reprint from another text? 

On page 4-4 in the text, we provide the conversion from bequerel per kilogram to picocurie 
per gram. When an unrecognizable unit appears for the first time in the text, we chose to provide 
the conversion at that location and have that footnote carry throughout the text. This prevents an 
abundance of conversions appearing as footnotes throughout the text. 

25. End of Appendix C: Either at the beginning or end of this appendix it would be helpful to 
include a very brief statement relating this information directly to the task of calculating the 
RSALs. See my second note re. p. 7-5 above. 
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We provide the information about plutonium background in the vicinity of Rocky Flats as a 
source of information only. We do not intend to make judgements about the state of cleanup at 

st formula: Isn’t it a mistake to say that CERCLA allows a 
Doesn’t CERCLA say a lifetime risk should be 1 X lo4? 
A state that the acceptqble range for permissible exposure.lies 

ide the range of accepta 

agree there is confusion about exactly what risks are “allowed”. Statements are made 
it is undesirable for lifetime risks to exceed the range lo4 to lo4, but 15 m r e d y  is an 

higher lifetime risk, namely 3 x lo4, as stated by OSWER - 
one problem is that rigid limits on risk, with risk methodology 
as feasible as operational limits on dose like 15 mrem/y to 

28. p. E-1, second from last line of text: I previously questioned using the number 20 as the lU3E 
for Pu. RAC should at least state that this number is recommended by certain cited ICRP 
publications. 

Citations to the appropriate publications will be inserted in the text. 

29. p. E-2, first full para: I do not understand this paragraph. Why should a 15 mremlyear dose 
from Pu delivered to specific internal organs be less harmful than a similar dose from 
another material delivered to the whole body? I realize the RBE has already been taken into 

e text as it stands. I certainly am 
confused and in my confusion am inclined to question the principal assertion of this 
paragraph. It seems to say that a 15 mrem/year dose from Pu is only one-third as harmful as 
a like dose from, say, tritium. Can this be true? 

The evidence does suggest that the risk from a given dose of plutonium is not the same as 
the risk from the same dose from a radionuclide that emits low-LET radiation and is uniformly 
distributed throughout the body. The difference arises from a combination of factors including, 
the non-uniform distribution of plutonium-239 within specific organs and tissues, and throughout 

1 , the body, and the differing radiosensitivity of tissues and organs. The text will be revised to help 
explain the situation more carefully and in more detail. 

rsgnd-the- logic here, Perhaps Helen _. - 

Risk Assessment Corporation 
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. . . . .  . . .  , . .  i .  . _ .  

, . .  . .  ..... . . . . . . .  : . .  ": . . .  . .: h'. ::,: . ::' 'i:: ' 2  . .  , . .  
Joel Selbin '. : 4 

,,.: ' . , : .. 
. .  

. .  . .  . . .  

;/. ,:,? ' :  : - - $ '  

1. . .  p 1-1, 3rd para ".,.considered ..... higher ..." . . . .  
. .  

. .  . . . .  :. . . . .  . . . . .  . .  
We thank the reviewer for.noting this error. . . .  

. .  

. 2. . :p 1-2, 3rd para . "...has 4 orders of magnitude of uncertainty" -How does this impact 

. .  

n 8 of the-Task 5 report. Each 
A d  excluding'the impact of-the frre. The 
culated -for unvegetated soil 'conditions are 

. . .  
. .  

' . 4 -  
, .  

1-3): . !I . . .  to radionuclides 
. .  

. 1 :  . .. '_ 

. If the suggested alternative were used, it 
now.reside in.the soil '; ." 

. .  

p 1-3,3rd,para, might be worth (if it,were done) to put in how the 2 changes (above) affected 
.. .the 11429 pCi/g,value specifically.. . : "' . .  

. . . . . . . . .  .I . . .,.,,, . .  . - >  . . .  
. . . . . . .  . . . . . . . . .  

It seems ,premature at this point in the report to begin talking about specific effects on a 
. . .  singlenumber when much more methodology is yet to be laid out. 

. .  . .  

. .  . ' 5 .  .top p 1-4, "...'but alternatives might also be possible" This allows imaginations to run wild 
,I,'' \:; .:.I. 

. . . . .  .,drid doubters to have a way out and criticize, with impunity. 
' 

. . . . . .  . . . . . .  . . . . . . . . .  . .  . .  . .  
. . . . .  , < I : , . ;  , ' 

. ' .  . .It is true;.however, .that alternative methodologies for calculating soil action levels are 
jpossible,'apd we'would, be remiss if we did not state that. . . . . . . .  . . . . . . . . . . . . . . . . . . .  

. .  : . . . . .  . .  .: . . . . .  . -  t 

. .  . .  
... move ed from presented . '  " 

. . .  . .  . -  . .  . .  

: . . .  This was a transcription error and, will be corrected. 

. ' '7; ;'' $bp 'p 3-2,:' kAove '~ofd  llth&ll , 

... . . .  . . .  . . . .  . .  8 : . .  . .  . -  1 . .  ; . .  
: , I '  :. . 

r '  is sentence was garbled in editing and will be corrected. 
. a  - . *  . --L.+: 

8. p 4:10,4th pw.'The calculation appears wrong (e.g., 200 x 35 = 7 x lOexp3, not exp-3) and 
"with and without the fire" numbers seem reversed. or explain why not. 

Many other adept reviewers noted this same error. We are grateful to all the reviewers for 
bringing this to our attention. 

... 
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The point of this and the .next ., sentence is that it is generally not a good assumption. 
RESRAD first calculates the airborne concentration of radioactivity using this assumption and 

en corrects the r 

o to ONE significant figure, 
en it should be written 20., us if 20 is meant to,expr 

intend that values be 
ger than 100, only two significant figures be used. 

terests as well as ones 
values” 

. .  
. .  . .  , .  . .  . .  

. .  
I .  . .  ’. , :.. . . . . . . 1 ,. 

. . -  . .  
. -  : . . , .  

. .  
L’. ’ .  

. .  - 
. .  

. , ,  , . 

;We will change the text to reflect the spirit of these changes. 

see my comment on 7.1.2 above. 

,(. I 
We will make sure that our intent is reflected in the statement we make about the example of 

how to determine an &SAL. 
, , 

Carol Lyons 

d most important fin 
-independent calcul 

of the draft report should - - be _ E _ .  reported and - 
SG1 Aixon Levis  (SALS) produced numbers 

- - _ -  ~ _ _  _ ~ _  -- i 
. .  . -  

fully consistent with previous calculations and the numbers currently being used by DOE- 

this comment is an accurate statement. As we indicated in the draft report, 
the DOE scenarios were not analyzed with the fire scenario as will be done for the final report. 
When this is taken into account, the results will change significantly. Furthermore, and as 
indicated at the December 9 meeting, the two approaches are not consistent and should not be 
“compared.” Our methodology does not use the RESRAD resuspension model, and the dose 
conversion factors have been changed to reflect data that are more current. Differences between 
the two methodologies will be much more apparent in the final report. 

2. The draft report apparently fails to include analysis for soil resuspension after a fire for the 
DOE scenarios. These are the federally-mandated and most likely future use scenarios. This 

Risk Assessment Corporation 
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gap (if true) could lead to serious questions' about the technical credibility of the overall 
work. Those calculations need to be completed and reported for all scenarios. 

nal report. 
.. 

to incorporate fire c 
- 1  

3. Sections 8.1 and 8.2 of the report need to be expanded sihificantly to include a full 
discussion of each of the DOE scenarios. 

Scenario discussions were contained in the Task 3 report. We included in the Task 5 report a 
discussion of the results 'that &e 'presented 'for each DOE scenario. The same discussion is 
'included for each of the RAC scenarios. The addition of the fire calculation to each scenario will 
make the'discussion sections following the presentation of ksults for each scenario similar. When 

ill bCincluded as'attac 
_ .  complete discussion o fa  located in one,place. 

sion-aftera fire is not based on local conditions. 
lats, the ground is revekedted within a few weeks. If, in fact, local 

alysis, the calculations need to be conditions of rapid revegetation in 
- ' redone for local conditions. ' 

Other reviewers have raised the question of the time required for revegetation after a fire. 
We have parameterized the fire model to simulate random recovery times that vary from a few 
weeks to a year. Other mitigating factors (such as bum size and distance of the scenario subjects 
fi-om the burn location) are considered in a simple way. Simulations will treat the occurrence and 
time of the fire ( the 1000-year temporal scope) according to an annual probability 
estimated fi-om reg re statistics. Further research, which cannot be accomplished within this 
project, might improve this approach. One reviewer has suggested consideration of droughts that 
might be anticipated within the coming millennium. 

5 .  

L C  

The numerical results should be presented clearly and comprehensively (as in Table GS-1). 
Numerical results for all scenarios, partic DOE scenarios, should be presented and 

We will review our summary sections on the scenarios to ensure that there is a complete and 
accurate discussion, but we have included a detailed description in the case of all results, 
including a table which outlines the breakdo dose by pathway (we will add a table like this 
to scenario DOE-3 and scenario RAC-4). 

regarding selection of+uture land use or selection of one scenario over any 
e deleted. Specifically, 'delete: 

The last 2 paragraphs of General Summary 
Page 7-1, bullets 1,4,6, 8,9, 10, 14 and all discussion related to these topics (e.g., paragraph 
7.1.1,7.1.4, etc.). They are not within the scope of this contract. 
Page 7- 1, first paragraph after the bullet list 
Paragraph 8.1.3.2 



8.1.7.2, 8.2.2.2, etc. (for uranium) 

Chapter 10 should be revised 

~ 

I 

ntamination resulting from Roc 
after cleanup would be speculative. That depends entirely on what sorts of decisions are made. 
We can provide approximate areas of regions within some of the contours shown in Figure 4-4. 

, These numbers might be helpful to readers in putting the relative levels of contamination into 

e consultant (and accompanying hand-out material) 
of calculated numbers (as in Table GS-1, after 

d). Any discussion of a given scenario should be 
scenarios,. As in the report, all comments regarding 

all the new calculation resu 
t completed and presented sim 
selection of future land use or selection of one scenvi 

--scenario pre:entation is quite uniform th 

er any other should be deleted. 
- _ - =  

~ - -_ -~ - -  _. ~ -- . - _ * -  - - _ _ - _ -  - - 
report. w e  present a single 

, example of how the.pane1 might go about selecting a fmal RSAL, using only a small fraction of 
the considerations we e to be important. 

DOE Comments 

In Section 4.2, pleqe explain why RAC feels that it is appropriate to use the RESRAD mass 
loading routine for uranium but not for plutonium. It is not understood why the areal extent 
of contamination should change-the air dispersion models being used. 

The variation in concentration of the contamination is the reason to develop a different 
suspension model for plutonium. RESRAD is intended to handle concentration variations up to a 
factor of 3. The plutonium contamination at Rocky Flats varies over a factor of several orders of 
magnitude across the extent of the contamination. Uranium contamination at Rocky Flats, on the 

I ,  I “  

1. 

r . /  
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other hand, is mostly isolated 'in "hot spots" where the contamination is confined to a relatively 
small area. The latter is a source configuration that is well within the design scope of RESRAD. 

2. 

. .  8 ., 

In Section 4.2.1, Why is Total Suspended Particulate (TSP) being 
(Particulate Matter < 10 microns) values? 

. . .  The TSP.yalue.w& used for'conservatism. . h the  'final calculations,.the.PM:IO value, which 
. . b-ed .on the analysis'in Hodgin (1998), .is 30 to 40% of the TSP:condenhtion .will -be used. .This 

;. value willlbe treated stochalstically. 

' 

. . . .  
. . . . . .  . . . . . .  . . . .  . . . .  7 .  

1,' . . ~. . , . L , . .  , , . ',. . .  . ::a 
I .  

. . .  . . . . . . . . . . .  . . . . . . .  . . . . . .  . . . .  .: . .  >: . . . . . . . .  , ;  . . .  . . .  ., . . . .  . I  . 1 .  

Reference: i '  '.! 

, .  Hodgin, C.R. 1998. An Analysis of Colorado Department of Public Health and.Environment 
Air .Monitoring Data for Particulates :&d P . .  

. , a.q., TechrioZogy Sit& AlphaTRk>Inc.'.Wehinster,.~ . .  
. .  

' 3. ' 

. .  - . , . d  .:. , 

. .  ...... 
. \  : 

Section 5.1, There have been a number of wind tunnel studies peformed at the Rocky Flats 
Environmental Technology Site (RF ) by Langer in the 1980s and at Operable Unit #3 in 
the 1990s. These studies'used site ific analyses to assess 'resuspension. Why was the 
resuspension factor of "Arispaugh et al. -1975"-used over these site specific resuspension 
studies? Please explain. I '  

These site specific studies of resuspension at Rocky Flats provide resuspension factors to be 
used for estimates of air concentration due to resuspension. Anspaugh et al. (1995) report the 
widely used suspension model of Gillette and Shim that we cite on page 5-3 of the report. It is 
this model that we are using to:represent resuspension fluxes. For existing ground cover, the 

- model was calibrated by regression with data from air samplers on the site during 1992-1994. 
Anspaugh et al. (1975) also provided resuspension estimates at other locations with different 
ground cover. This was helphl in our assessment of bare soil resuspension, for which site 
specific studies have not been done at Rocky Flats. 

4. Section 5.2.1, Please explain why a gaussian plume model is being used for a point source 
instead of an area source model. Surface soil concentrations of radionuclides are found over 
a large area. Why would a point source model be used for a large 'area source? 

An area source model is derived by integrating a point source model over the desired source 
area. The contaminated region is partitioned into a large number of differential area elements. The 
integration (as is explained in considerable .detail in Section 5.2.1) multiplies each differential 
element of area (treated as a point) by a factor that accounts for radionuclide concentration, soil 
flux due to resuspension, and transport from the source.location to the receptor. The integration 
represents a summation over all differential area elements that contribute to the air concentration 
at the receptor. Moreover, this is done for each wind speed, wind direction, and atmospheric 
stability, weighted by the joint relative frequency of observations on these variables, and 
summed. , 



part of the model. The fire model is being extended for the final report 

7. Section 5.3, Please referen -239 activity is associated 
-_ - - _  - _ ~ _  

~ 

The lognormal distribution with respect to particle mass was assumed to have GM = 6 p  
and GSD = 5 (this assumption came 
129, indicated elsewhere in the repoi).’ Plutonium, activi 
distributed on the particle surfaces. For the distribution with 

pm with the same GSD. The conversion is based on the equation Dr =,E, exp(y ln2 og ) , where 
the subscript y values refer to particle count (y =’ l), dishbution with respect to surface area (y = 

2), and distribution with respect to vol s the geometric mean, and og is 
the geometric itandard deviation. A &d discussion of particle size 
distributions is J.H. Seinfeld, Atmospheric Chemishy and Physics of Air Pollution, Wiley, 1986. 
Using the equation, we can write Dl = E3 exp(-3 ln2 5 )  and then 

m .generic.assumptions su 

- 

o2 =E3 exp(-31n2 5)exp(21n2 5)=6exp(-In2 5 ) = 0 . 4 5 0 ~ .  

Risk Assessment Corporation 
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6,'" - . 
' .The 98.5 percentile . . . .  

Iognonnal activity d 
of thes'tandard nohal'distributionk E.17:Thus'~the 98.5th'percentile of the 

' ' 

. .  
. . . . . .  . . . .  

bution' is 0.450 x 5*.t"= ,l4. 
, I .  * . . . .  ., _ .  . .  . .  

. A .  . 
8 .  . .  . ' .* - .  

,8. ' Section 6, Figure 6-1, Please explain'in this section.the softwii-e quality.control.procedures . . 

used to assure that the PERL scripts' were written correctly and performed as they were. . . . .  
., . . . . .  intended. Please' . explain, . . . . . . . .  the' . . .  procedures used to verify and validatecthe :RAC 'developed ' . .  " . 

. . . . . . . . . . . . . .  . .  .; ~ ' ,  , ; . ' . , .  , . ... 
. . . .  . . . . .  . . . . . .  . .  ., I..,.,. . ., . .  1 .  , ..', : - 

. .  . L .  . .  
. .' . ' . .  software. 

. . . . . .  
t .  

. .  
Si&&' this 'methodologq; "is "still &&&"&ge$','a f&& 

completed? We' have done considerable &hounts.of debuGing, an 
' between'XESRAD in its origihal version'&d RES& with the 'PEW script attached,. and .the . 

'results showed good agreement. 'Our goal was to provide the panel .and the'agencies'i+ith a ., . " . .  . 

approach that would provide an enhanced methodology. We have performed ' '. : '. ' '. , . .  . ' . . 

-.exteryive' calculations wi+ $e .schpt &and 'its 'variations ahd &e cdn<iced,that &is-givhg reliable 
sulfs, but more' formal testing would-be required to:rele$s is script.for productiodrpurposes. ':: I .  . ' . .  . 

e' setip; as the comments' 'requires some'c plement . .  . . . .  . . . .  

 OW^ and Unix systems. '_. *.- 

' ,  
. .  

demonstration of . .  1 ' . ,.;. . 
. . . .  '. 

fef that other$ attempting &ilk. balbilati soaifj. -thb iicri+b'& their own : I. . . .  . ' 

. . . . . . . .  . .  

. . . . . . .  . .  
: 

9. Section 6, Page 6-5, It is stated that, "The Monte Carlo simulations shown in Figure 6-1 
produced a file of soil action levels for the plutoniuni, americium and ,nepturiium species of 
interest." .Please include.,these radionuclide soil .action level distributions: in' the ireport so a 
direct comparison can be made with the current radionuclide'soil action levels. .' . j '  " . 

' . The file runs to thousands of numbers for each scenario and .variant thereof and' does. not i . . . .  . . .  . . .  i - .  
. .  . . _ .  . 

' .. 
' 

belong in the report. We can think of no helpful way to exhibit this information. '.:- '' 

10. Section 6, Page 6-5, It is not readily apparent how the disiributionrofRSALs wascompared 
with soil, concentrations !o develop a probability of exceeding the dose limit curve. Please 
work through an example in the tex?:.'.Also,, pledse explain how this-methodology compares . ' . 

with the "Sum-of-Ratios" methodology currently used to ,&sess the iadionuclide' soil action 
levels at a site. 

It is the ' she  sum-of-ratios method, with unce 

... I :  , 1' , )  .;.; ' :, . I  :, I . . . . . .  ; *:., ' _ .  , , , - . . I .  . .. . .  . .  

. .  
. . . . .  . . . .  z i  , . : 

in the iniiviaual RS 
::-: . . . .  1 . :  '\ ... : ,. - . . . .  ., . 

. . . .  . , .  

. 
in the corresponding soil concentrations. 

1 1. Section '8, Please include copy of .the computer software :and .documentation . .  that-RAC 

. -  . , .  
. L  

. .  . .  

developed so that al1,the RSAL distributions can be eyaluated. . .  , ... .,,..! .. . %;7" . : . . . . .  : 

7/24 

. .  . . .  . . .  . .  

At the conclusion of the project, we . .  will turn . over . .  . -  electronic . . . . . . .  c 
;, . . . . . . . . . . .  .... * . .  

, I  . : . ; .  . . .  . .  
.for this project to the pariel, . ' 

. _  

12. Section 8, Please recommend a methodology for assessing , a  site-when plutonium, 
americium and uranium contamination are present in ratios different than what RAC has 
assessed. 



61 

The method is essentially generic and could be applied to ~y spatial distribution of 
radionuclides with concentration ratios that do not vary much from one location to another. If 

rived soil action level with the 

Area. As constrained by the RESRAD definitions, the rancher grows two categories of crops: 
leafy vegetables and non-leafy vegetables.. Cows (dairy and range) .are at the 
property for subsistence purposes. 

15. Section 8.2.2, With the drinking water turned on, is the resident rancher drawing water from 
the shallow ground water (Water present at < 50 ft depth) or from nd water (Water 

- _L- ~ - - _  - _ _  - -  _ _  - _-  I pLesent from > 300 ~~ ft depth). _ _  - -- - - - 

Water is assumed to be drawn from the shallow aquifer underlying the site. This is discussed 
in the Task 3 report on page 46. Water pathway sources. we ismissed in ,the in the 
DOEEPNCDPHE calculation. We agreed with their assessment of the surface water pathway, 
but disagreed with regard to the groundwater pathway. We argued that a ,well that produces 2 gal 
min-' would be adequate to provide drinking water and perhaps water a few head of cattle under 
subsistence conditions. In the Task 2 report, we provide an overvi 
surface water transport. We believe it is unlikely that contaminatio 
aquifers underlying the site because of $e hydrologic characteri 
Therefore, the only potential pathway of exposure is the shallow aquifer. Evaluating this pathway 
also provides a bounding estimate for any migration of contamination groundwater to 
surface water. 

We would also like to point out that the DOEEPNCDPHE assessment for the resident used 
an irrigation rate of 1 .O m/y. We do not know if that was their intention, but turning the irrigation 

/ Risk Assessment Corporation , 

"Setting the standard in environmental health" 
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on has the net effect of depleting the surface soil concentration substantially, thereby lowering the 
surface exposure pathway. . .  

1 8  * .  . ..: I .  * '- 

16.  In the.pudlic meeting on 11/1 1/99;it'was stated that the iippropriate.soi1 ingestion rate fqi a 
child is 75 grams/year in an open space .scenario. Please explain thisMatement 'in beater , 

detail. 

We are using the'soil ingestion rate of 75 grams per ye& to describe the soil ingestion for a 

. . 

* .  3 .:<': . , .  . .  . . ' .  . . . .  ... . . ' <  . .  . .  
' .? . L  . ' 

. .  . .  , '  
: ... 

. .  
.child of a rancher. We apologize for any misinterpretation of .this"point. ' : . . ' 

< . .  . .  . . .  ' .  :,. ; ' < , i _  2 .  ,: .::. ,a;.,: ; . . , . . . . * , I  -i  : .  

17. There appears to be some inconsistency in [citing] the surface soils action levels as 
referenced in the "Action Levels forkadionuclides in soils" 1996 document you site. For 
Scenario DOE-1, residential you [cite a] Pu 239 value of 1432 pCi/g;,which is for Pu 240. 
The correct value should be Pu 1429. % For Scenario DOE-2, Open space, the correct value 
for Pu 239 is 9906 pCi/g, not 10580. Please check your values and if you.do not agree, 
please explain the differences. It would also be of great benefit to list your values as either 
sum-of-ratios numbers ,or only Pu 239. Mixing the reported values causes confusion. 

We apologize for the incorrect references. We do not plan to make any comparisons of the 
DOEEPNCDPHE values to the RAC values 'in*&e final report, as the calculations are 
fundamentally different and any comparisons thereof are generally uninformative. The 
differences between the methodologies are 1) different dose conversion factors, 2) different 
resuspension model, 3) RAC has employed a stochastic methodology, and 4) theRAC calculation 
reveals a stronger dose dependence on the ingestion pathway. 

, -  

I 

. .  

, .  

.. . . 
. . .  

18. Please expand your discussion of the off-site resident rancher action level of 30 pCi/g. From 
the information presented in section 9.1 it is unclear how you came to that value. 

We will be certain that the calculation is more readily understandable in the text. 

Victor Holm % .  

1.  I continue to be impressed and satisfied with the work you have done. I believe in the end 
we will have a much improved tool with which to work. 

Thank you for this comment. 

I have used Monte Carlo simulation several times to assist in making large financial 
decisions. I have also been told that it is very important that the input data not be biased. If 
the distributions are skewed the entire process is defeated. The output distribution is not a 
simulation of reality rather it is a subjective representation of the biases of the researchers. 
To then make the statement that the 0.1 probability line represents a 10% chance of the 15 
mrem dose being exceeded is neither mathematically nor actually correct. I objected 
strongly, early in the study, that the scenarios were being biased. I was assured byRAC that 
even though they did not believe distributions for the behavioral variables should be 

- -  

2. 
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_-_  ~ - _ _  

introduced into the study; the environmental variables would be included apd they would not 
be biased. I was therefore surprised to find in the Task 5 report, that safety fa 

The rancher never leave 
The breathing rate was set at the,95 perce 

’ protective layer of larger particles on the surface (low probability). +Most studies 
indicate that bare soil does not produce la steady state f l u f o r  a full year. 
As described on P. 5-1 1 you arbitrarily increase the mykinc 
without support from the data (Safety factor of 2.5). 
.Choosing the highest value from Anspaugh (1975). ,The Nevada Te 
equivalent to Rocky Flats., The alkaline lake beds at the NTS 
fluxes than the well graded soils at Rocky Flats. . 
Although ;the dose limit is defined as a yearly dose 
exposure. If the soil actio 
rancher would only receive 
15 mrem. I am not suggesting that a lifetime exposure dose b 
point out that this results in additional conservatism. 

The joint probability distribution for all these inputs is not a distribution of likely doses 
the rancher would receive; but rather, a skewed distribution that already has a very small 
probability exceeding the dose limit. To then suggest that the 90% or 95% 
used represents worst case or a bounding estimate. While this certainly 
number to know it not a soil action level. A soil action is a compromise b 
heath risks and health risks to the workers, the environmental costs, 
worst case or bounding estimate seldom meets these goals. 

First, the reviewer’s usage of the term “skewed” in reference to distributions does no 
-. _ _  _ _  -_ confonin t o -  statisticians’-=parlance. ’Distributions -such ‘as the lognormal, are skewed; and ‘this = A - - 

merely refers to their asymmetry, and not to something inherently bad about them. People often 
speak of “skewed data” or “skewed results” to indicate the introduction of bias, ’and we ai’sume 
his meaning is analogous. 

Fiom’ some reading between the lines, we believe this objection generally refers toRAC‘s 
separation of scenarios from the environmental models and parameters that we use to estimate 
levels of radioactivity in relevant exposure media. Our position is summarized in the’ following 
paragraphs. 

The environmental models and parameters represent something that we do not control. 
Mostly, this something is the natural environment (or a very restricted part of it), but it can also 
include anthropogenic processes such as a source term (sometimes we might wish to considerthe 
source term as part of a scenario; this is a gray area). The models represent this environnient as a 
system of state variables, including those that stand for concentrations of radionuclides in soil, 
air, and so on. We attempt to estimate the past or predict the future of this system, and to quantify 

I!  

A 

~ ~- ~ 

Risk Assessment Corporation 
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-.‘&cei-tAinties about those estimates or predictions (generally we say “predict”. in either ckie). The 
representations of uncertaihty tire tliemselves models, and their application includes subjectivity. 

The scenarios for radiation protection, on the other ii&d;.~e unher our explicit cori&ol. They 
are hypotheses that we set, not real people. They provide a means‘of Constructing criteria for 
interpreting the predicted (or mea&ed) radionuclide levels .in environmenhl media. Prospective 

, 

.: calculations that we perform, are really ’about the environmental .. . . ,  me 
” terms ‘of dose. or risk’t0.a scenario subject to place : \ . *  them , on a m 
. dimensional) .scale. To suggest that outcomes for. these seen-ios 

probabilities is a misinterpretation. Probability. statements ... . _. . can be , 
functions of the environmen@l* state variables, . .  . ,but .it i s  these 

-’ ,probabilistic infoF.ation, i s  associated, not .with .the arbiQ 
statements are indeed mathematically correct, but as a matter of application, we need to bear in 
mind that all estimated -probabilities are conditioned on the assumptions. that went into their 
calculation. ~. 2 . :  L ,  

Probability distributions associated with the environment, which we do not control but which 
we must somehow simulate, ‘are of a different ‘character from distributions associated with 
variability within populations from which a scenario subject is imagined to have been drawn. It 
seems to us generally confusing, if not misleading, to mix the two kinds of probabilities together 
in order to make uncertainty statements about exceeding dose limits. It seems to us much clearer 
to choose our scenario subjects with properties (breathing rates, behavioral characteristics) that 
would be protective of a reasonable fraction of the population from which we assume the subjects 
come. If multiple properties are involved, then we obviously cannot set t h e m a  at the 95th 
percentile and claim that we are conservative for only 95% of the population. But we do believe 
that they should be set to fixed values, in such a way as to define the subject as being credibly 
protective of an acceptable proportion of the population. Certainly, it is always reasonable to 
review an assessment as a whole and ask whether.too much conservatism might have been 
introduced. But care has to be taken in doing so. 

Note that when a millennium is the time domain of a prospective study, the scenario 
becomes a succession of hypothetical individuals, all having similar location and characteristics, 
but with their exposure environment evolving from generation to generation. If one were to treat 
the scenario subjects statistically, would successive generations be stochastically independent 
with respect to their physical and behavioral properties? Or would one consider autocorrelations, 
to account for family traits in different generations? Or would we sample one set of properties at 
each Monte Carlo realization and apply them equally to all generations? Many questions of this 
kind can be raised to illustrate the conceptual problems that arise when one starts down the path 
of “realism” expected from treating scenario subjects as samples from real populations. 

Finally, let us contrast the situation described above, for prospective assessments, to 
retrospective studies such as dose reconstructions. If a risk analysis is carried out for such a study, 
the affected populations are real, and distributions of properties of those populations can (at‘least 
in principle) be estimated (e.g., by Census statistics and sampling surveys). We can @en,quite 
reasonably consider these distributions as part of the total uncertainty in the risk estimate and 
combine them with distributions of concentrations in exposure media. The outcome, for example, 
might be the number of health effects that would be predicted to result from the collective 
exposure under study. This number is uncertain, not only because of our uncertain predictions of 
environmental concentrations, but also because of variability within the affected population with 

- .  
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respect to our determination of the relevant properties (e.g., breathing rates, diet, proximity to 
contaminated media). Here, we do not have the luxury of defining a hypothetical individual 
whose properties suffice to protect most people who might be exposed. The purpose of the dose 
reconstruction is not to protect anyone, but rather 
already happened. 

With regard to the reviewer's concern about the value for 
NTS value from Anspaugh et al. (1975) as generic for the fir 
that the generic range (given initially in terms of resuspensi 
Sehmel (1984). The logarithmic midpoint of this range (c 

-' the page 5- 15 (last ,full pqragraph), in a factor of two 
higher). We offered this observatio omparison, not calibration. We 
rewriting in Section 5.3 anyway, and we will try to make this point clearer. 

3. I do not have access to all the 903 pad characterizatio 
pCi/g is economically infeasible and possibly techno 
result in near total destruction of the ,very en nment we are tryin 
Another indication of the unreasonablenes your reqommendation is t 
consider that some of the scenarios are mutually exclusive. If the site is 
single family housing, a far more likely scenario th 
becomes 170 pCi/g. You are in effect recommendin 
would be to let the property be developed. This is patently absurd. The problem stems from 
the skewed dose distribution for the fire. If this distribution is corrected then the difference 
becomes less than a factor of 2 instead of 17. 

It is important to remember that we presented the value of 10 pCi g-' as an example of how 
the panel might go through the process of determining a soil action level in light of the many 
considerations raised in this report. We did not account for all of these considerations in our 
example, but it will be quite important for the panel to give weight to each of them 
important, not only to the panel but toMC, to allow for a number of different type 
from which the panel could choose the most likely land usage or, alternately, s 

values in no way makes any statement about the most cost-effective cle 
statement only about each scenario and the dose delivered in a year from each scenario. These 
results will be altered in the final report by the modification of the fire model and its probabilistic 

Iyse .conseryative=scenq-io-bterms=of-doLe. The- fact that=diffgrenJ_scenarios_prdgce 

introduction into all scenarios. _ _ .  

4. As you state, cost was not considered in your recommendation of a soil action level. I 
understand your reason for this; but, it seems to be in conflict with the way health standards 
are set in this country. For many chemicals, especially those that are carcinogens, none is 
the best standard; but the EPA and other agencies have compromised @is ideal by using the 
concept of acceptable health risk. The 15 mrem dose limit is such a standard. As you ppint 
out, this limit already has some conservatism built in since Pu is not uniformly distributed 
throughout the body. It was never the intent for a soil action level to be set at the point of no 
risk. Because of the biased input variables we now have no way to evaluate the actual risks 
to people living on the site. If time remains, I would hope you can provide us with a run for 

~ 

Risk Assessment Corporation 
"Setting the standard in environmental heallh" 



.66 Radionuclide Soil Action Level Independent Review 
Responses to Comments on Task 5 : Independent Calculation 

” ,  
- -’ the rancher based on the most probable distributions of the variables. We could then chose a 

safety factor. 
*’! . ; 
We defer here to our response to concern #2,‘raised by this same reviewer. 

< 3  

-Specific Comments 
i 

I 

ter 4: I consider the use of on site sampling to determine the spatial distribution of Pu in 
‘soil one of the most important contributions that RAC has made to this study. One 

editorial brnment, on P.4-10 last line of 4.2.1, I believe 200 x 35 micrograms should be 7 X . . 
,’ I ,  o3 micrograms or 7 x 10” gm”. 

Correct. Thank you for noticing this error. 

hapter 5: Again I was impressed with the method used in the regression. In geostatistics a 
’similar method called conditional simulation is used. I continue to take exception with the 

- arbitrary way in which variances are adjusted to add a safety factor. I know we differ on this 
point; but, I believe in a Monte Carlo simulation the input distributions should be unbiased. 
Your regression analysis showed that your estimated values consistently overestimated the 
actual values (P. 5-15). You nevertheless increased the GSD from 3.06 to 4.0. In a Monte 
Carlo simulation in which you intend to use a high confidence value increasing the variance 
is equivalent to increasing the mean. It is clear you understand this point since youwrite 
“we make this precautionary adjustment as a measure of conservatism in the calculation”. 
Since this variance is deeply embedded in a series of complex calculations, I have no idea 
how it effects the final soil action level, if at all. I don’t believe you know either without 
checking. How did you arrive at a GSD of 4.0? Why not 5.0 or 6.0, it would provide more 
conservatism. I hate to keep harping on the same point; but the place to be conservative in a 
Monte Carlo simulation is in the output distribution not the input distributions. All science 
is based on subjective judgements, but when you have just completed a very elegant 
nonlinear regression using Monte Carlo to simulate the joint distribution and then find good 
agreement with the original data set you have accomplished a real feat, why then add 
unnecessary subjectivity. 

As we discussed in one of the technical sessions, resuspension fluxes do not remain 
constant with time. In a well-graded soil such as at Rocky Flats the fines tend to be 
suspended very rapidly and are carried away. Stronger windstorms do then suspend some of 
the coarser particles. With more time the fluxes decease. I have personally observed this in 
mines. A year is too long a time for the assumption to be made that the soil acts passively. 
If you are going to adjust the variance I would adjust it down to account for this effect. 

1 

.- 

In the RAC proposal for this project, we stated a list of principles (A-E) that we follow in 
applications of uncertainty analysis. Principle B reads (in part) as follows: “RAC generally 
recommends that calculations not be deliberately biased high to compensate for lack of 
knowledge. Rather, analysts should do their best to keep their procedures free of bias. 
Conservatism, when warranted, should be expressed by increasing the variance of a quantity’s 
uncertainty distribution while keeping its ‘center’ (e.g., 50th percentile) fixed.” Note the specific 
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ention of 50th percentile, which we prefer in place of the mean as a central statistic for skewed 
istributions. Then in this context, unbiased means that we should not deliberately distort the 

The distribution of predictdobserved ratios shown in Figure 5-4 was approximated by a 
gnormal distribution with geometric mean (GM) 1 and geometric standard deviation (GSD) 
02, with parameters estimated from the empirical distribution. First, let us observe that 

ncreasing this,GSD to 4 without changing the GM does not bias anything, because the GM is the 
median of the distribution, our central statistic of choice. 

ed factor-of-five to 
der-of-magnitude precision in the estimate. Our decision to increase the GSD was motivated 

primarily by the relatively brief period represented by the data (3 years) and secondarily by 
concerns about the adequacy of the spatial coverage of the samplers. We were less concerned 
about the number of samplers than about the fact that they are spatially concentrated in the parts 
,of the site that may be le typical of the soil resuspension flux-we are trying to estimate. We also 

ticipated concerns ab sampler efficiency. We strongly .doubt that all uncertainty about the 
is no denying that our 

median of the distribution. 

One most certainly can object to this subjective increase from as 

oil flux is accounted for by.the variability expressed by these 
data constitute a sample of convenience, which is a common problem in environmental studies. 
, If the reviewer does not agree that some adjustment of the uncertainty is appropriate here, 
his view is noted and will be considered. His implication that the procedure we followed would 

. bias our central estimate of the soil flux is not correct. However, without checking, we would 
expect that propagation of the increased variance into the curves that show the probability of 
exceeding the dose limit would tend to decrease the SALs based on low probabilities (e.g., 10%). 
If resuspension is the only exposure mechanism, increasing the variance should rotate the curve 
clockwise about its (approximately) 50% point, distorting it so that its asymptotes are preserved. 
When other mechanisms, such as ingestion of soil and contaminated foodstuffs, are involved, the 
picture is more complicated. But we did not make the adjustment with the purpose of causing the 
SALs to decrease. 

As to the regression’s overestimation of the samples at S-07, S-08, and S-09, one must 
realize that it also underestimates the values at numerous other samplers (Figure 5-1). The 
regression seeks the best fit, in the sense of least squares, when all locations and dates are 
considered. No regezsion ba n these data and a constant resuspension flux is likely to do 
much better. We should also ethe GSD ofa  lognomaldistribution 
while we keep its GM fixed, both tails are influenced, i.e., probability density is moved into the 
upper tail, but the same amount of probability is displaced toward zero. 

3. 

- - _ _ _  - -  ~- . _  - - - _  - =. _--=- . - -  - 

ut that whenwe in 

Chapter 6: I wish to complement you for the work you did modifying RESRAD. I was able 
to follow the PERL script as written. I was a little disappointed that no user interface was 
included; but, this can be easily added at a later date. 

We are glad that the PERL script was easy to follow. It will undergo considerable revision 
for the final report. 

4. I Chapter 7: I agree that only two significant figures be shown. I would however round to the 
nearest five below 50. The difference between 10 and 15 could have major economic 

Risk Assessment Corporation 
“Setting the standard in environmental health” 
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consequences. I have some question that a uranium soil action level of 20 pCi/g can be 
distinguished fiom the high background uranium found along the Front Range. 

We will consider this enhancement. 

Chapter 8: 8.1.7.1 I am confused why you report the 85 mrem level instead of the 15 mrem 
value, as you are aware the dose for radiation workers is much higher than for the public. 
More interesting would be to use this scenario for an open space park worker. 8.2.1.1 

'Editorial: I had trouble following this paragraph, I think there may be some number 

'5. 

. 
' I  !'transpositions. - . I  

:' We will include the 15 mrem and the 85 mrem analyses in the final report. 

6. 'Chapter 9: I am disappointed with your statement that 30 is only slightly different than 10. 
The numbers v& by a factor of three. The cost of cleanup to 10 instead of 30 is more than 

' 
' an order of magnitude and would effectively destroy the ecology of the site. 

L j  ' 

. We did 'not intend to diminish the difference between the two numbers in any way, 
particularly in view of the cost of cleanup. We were trying to show how similar the results from 
the two scenarios were, and how cleaning up to protect the onsite individuals would also protect 
the offsite individuals. 

7. 

- 8. 

9. 

. .  

1. 

Chapter 10: I agree with your suggestions for future work. I hope they are implemented. 

Appendix C: Thanks for the conversion table H- 17 

We appreciate both of the above comments. 

Appendix D: It's a small item but I am curious why you used a Kd of 5350 in this appendix 
while the median value used in the study was 2000. This again points up the problem with 
Kd. A low Kd will result in groundwater becoming an important pathway, while at the same 
time it reduces the inhalation and ingestion risk. We must be careful that natural attenuation 
does not become the preferred cleanup strategy. 

The same question was raised by and answered for Reviewer A. 

Steve Gunderson 

Since the effects of a hypothetical grass fire make a considerable difference in the 
calculations and because there is a large uncertainty associated with the modifLing factor 
applied, more information about the development of this factor would be useful. 
Specifically: 
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L Qe range of values ,used to derive the modifying factor of 200. Are all the values from 
various sources given equal weight in the derivation process and are all considered 
equally valid for use in these scenarios at this site? 

<If .the resuspension rate is constant throughout the year affected by the lack of 
vegetation, ,are collateral effects on parameters such as ingestion of homegrown fruits, 
vegetables, and meat accounted for? 

certainty surrounding the fire-scenario mass-loading modifying factor? 

>enhaqce this calculation as much as it can be without additional research. We will recommend 
, such research in our final report, but it would likely include a specific study on the effects of a 

fire on resuspension at Rocky Flats. Also of interest would be an issue raised by Reviewer A, that 
of the impact of the actinides in soil burning and what sorts of exposures that might cause. 

For the year that the impacts of the fire were felt, we did not account for any impact that 
might have on the farming of homegrown food. But, as we pointed out to a previous reviewer, the 
,inhalation pathway dominates the year after a fire (-87%) and that pathway, combined with soil 
, ingestion (which could still,’theoretically, exist) make up 92% of the total dose during that year. 
So even without the ingestion of agricultural products, the total dose would not be impacted that 
significantly. 

have access to Langer’s work, but were not aware of the CDPHE technical report. A 
the project, wewoid  have to defer that report to - -- . _  - .  

2. Section 4.2.1 discusses the mass loading factor used in the uranium calculations. The text 
identifies the factor used in the original RSAL calculations which is based on measured 
PMlo values. Why are TSP values compared to this value and used as a basis for the mass 
loading factor? 

The TSP value was used for conservatism. In future calculations, the PM- 10 value, which 
based on the analysis in Hodgin (1998), is 30 to 40% of the TSP concentration will be used. This 
value will be treated stochastically. 

Reference: 
Hodgin, C.R. 1998. An Analysis of Colorado Department of Public Health and Environment 

Air Monitoring Data for Particulates and Plutonium at the Rocky Flats Environmental 

Risk Assessment Corporation 
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Technology Site. AlphaTRAC, Inc. Westminster, Colorado. Report prepared for the Colorado 
’Department of Public Health and Environment. February 3. 

c 

a ’ 

3. Not all of the parameters used in the calculations are defined. In order to evaluate the RSAL 
calculations, it would be useful to have each parameter explained and justified. 

Each parameter used in the calculation was explained and justified in Task 3: Inputs and 
Assumptions. Some of those parameters were enhanced in the Task 5 report. For the final 
summary report for this project, we plan to include all of our task reports as attachments, so at 
that point, all of the necessary information will be in the same place. 

r I *  

* MaryHarlow 
,- . .  

I would like to take this opportunity to comment on the Task 5 report. The report is 
impressive and well done. However, I do have concerns about the-defensibility of some of 
your conclusions. If we are to convince the regulators that the soil action ‘level 
lower we need hard evidence. ’ 

A lightening caused prairie fire is certainly a possibility at Rocky Flats, but what is the 
probability of this happening in any one year? Where would the fire occur, how large 
would it be and how long would it take for the vegetation to regrow? I do not believe that 
the effects of this fire would be felt for an entire year unless there were multi-coincidence 
events occurring such as a drought. Should a drought be considered in this worst case 
scenario? 

We will be considering grass fires from all causes in the near and remote future with 
probabilities estimated from fire statistics in the past century. Mitigating effects, such as variation 
in burn areas, regrowth time, and distance of subjects from fire, will also be considered. We will 

- recommend that periods of drought might be considered, but we will not be able to include this 
factor explicitly in our analysis. 

2. 

I 1  

1 - <  
* ‘ f  

1. 

The question you posed as to “At what soil action level would you be willing to move into 
the area and live on the property that has been remediated “does not apply to setting a soil 
action level that is protective of the offsite community and future users of the site. As we 
have seen at Love Canal, historical memory fails within ten years. What we need to support 
the 10 pCi/g that you have suggested is good hard scientific datd to back up your 
conclusions if this study is to be acceptable and replicable. 

The 10 pCi/g should not be treated as a recommendation; it is based on a worst-case fire 
scenario, which, as the previous answer indicates, is being extended to a more realistic 
simulation. We included the development of this value as an example for the panel to follow in 
developing their RSAL, recommendation. The critical parameter for the fire is the resuspension 
flux for unvegetated soil similar to that of the site, and as far as we are aware, “good hard data’’ 
for that parameter do not exist. Support for the kinds of research that might have led to better data 
for these estimates was mostly terminated in the early 1980s. 
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surprising, but they do not reveal much of anything either. Remember that the two sets of 

e corresponding RAC estimate, it was ingestion. (4) The DOE calculation was deterministic, 

The safety factors that have been place on all the variables are of a concern. It would seem 
more appropriate to have a higher soil action level with an ALARA calculation than to have 
data skewed by over conservatism. Was ALARA even considered in your methodology? 

First, we have not placed any “safety factors” on estimates, and it is not clear what the 
phrase “all variables” means. Second, our methods do not skew data; “skew” implies the 
introduction of bias. If the concern is directed to our estimate, in Section 5, of the resuspension 
soil flux for existing ground cover, we must point out that the procedure rests on principles that 
we have followed consistently. The uncertainty estimated by the regression process is limited by 
the data, which, for example, cannot tell us on the basis of data for the period 1992-1994 what 
2000 will look like. A longer cycle would be needed. There are also questions about the degree to 
which the spatial coverage of the data is representative. The next two paragraphs are extracted 
from our response to another panel member. 

In the RAC proposal for this project, we stated a list of principles (A-E) that we follow in 
.applications -of uncertainty analysis. Principle B re (in part) as follows: “RAC generally 
recommends that calculations not be deliberately ed high to compensate-for- lack- of 

- 
,r ~ _._ ~ 

-- 

knowledge. Rather, analysts should do their best to keep their procedures free of bias. 
Conservatism, when warranted, should be expressed by increasing the variance of a quantity’s 
uncertainty distribution while keeping its ‘center’ (e.g., 50th percentile) fixed.” Note the specific 
mention of 50th percentile, which we prefer in place of the mean as a central statistic for skewed 
distributions (meaning asymmetric distributions, generally restricted to nonnegative numbers, 
such as the lognormal). Then in this context, unbiased means that we should not deliberately 
distort the median of the distribution. 

The distribution of predictedobserved ratios shown in Figure 5-4 was approximated by a 
lognormal distribution with geometric mean (GM) 1 and geometric standard deviation (GSD) 
3.02, with parameters estimated from the empirical distribution. Increasing this GSD to 4 without 
changing the GM does not bias anything, because the GM is the median of the distribution, our 
central statistic of choice. In particular, any frequency that is added to the upper tail of the 
distribution is balanced by frequency added near the lower end. 

Risk Assessment Corporation 
“Setting the standard in environmental health” 
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/? ' -  

We are -not certain what is meant by the question 'about ALAR4 (As Low as Reqonably 

. the ALARA  process] .is. to 'ensure.that the 'area"tiedg'remediated4s at or be1ow;the. a u t h o h d  . . ' 

.. 

. .  - Achievable).'Odi methods . c h ,  provide a basis .for considerittions;'jbut '%he;fi~tta.sk'[of ::e 
. .  

limit or dose constraint [the 15 mrem annual limit, which is built -into our calculations]; the 
(second is to determine that the &isidin1 radioactive material.is reduced to . .  levels'.that $re'& low as . . 

reasonably 'achievable below 3he d&e:'c&~trainnt.~' ;(our emphasis; 'the .quodtion :is .from' .the 
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GENERAL SUMMARY S ‘  

he Rocky Flats Environmental Technology Site (RFETS) is owned b 
nergy (DOE) and is currently operated by Kaiser-Hill Company. For 

ow Chemical Company operated the Rocky Flats-Plant (RFP) as a nuc 
evelopment, and production complex. The RFP. is located 8-10 km (5 

ada, Westminster,% and Broomfield, Colorado, an 
very Colorado. This current project is evaluating the 
eloped for implementation by the DOE, the U.S. Envir 

olorado Department of Public Health &id E 
oncentrations of one or more radionuclides in soil 

ation dose is exceeded. As a result of public conc 
ober 1996, DOE provided funds(for the Radio 

SAL,Oe) to select a contractor to conduct an in 
actions levels for .the RFETS. Risk 

. ,  
This report, Task 5: endent Calculation, 

assessment and describes the calculations and result 
scenarios. The goal of radionuclide soil action level 
distant future, come into contact with a site where 
levels above background. Therefore, setting radi 
following: 

how particular radioactive materials are transported in the environment to people 
(transport pathways) 
how people might be exposed to the radioactive materials (exposure scenarios) 
how radiation dose to a person is assessed (radiation dosimetry) 
how radiation protection guidelines fit in (annual dose limits). 

Because of these considerations, RAC focused on several factors important in the transport of 
radioactive materials in air and water in an area like Rocky Flats and develop 

=-scenarios for the-project. Ig designing the 
living onsite full-time is protected, then 
important to understand the behavior of radionuclides in the soil and how soil can be 
resuspended, because inhalation can be one of the important exposure pathways fo 
on or near the site. 

The exposure pathways considered in this analysis included inhalation, soil and food 
ingestion, and external irradiation. In addition, groundwater use for both irrigation and drinking 
water was assumed for some scenarios. The occurrence of a prairie fire that would remove the 
vegetative cover and result in increased resuspension of soil for a period of time 
considered. 

The radionuclides “‘Am and the several isotopes of plutonium (238Pu through 242Pu) in the 
soil at Rocky Flats are the major radionuclides considered in the calculation. This contamination 
is not uniformly distributed across the facility, varying by more than a factor of 100. Uranium is 
also present in the soil at a few locations on the Rocky Flats site in concentrations above natural 
background, but uranium contamination resulted primarily from bum pits and isolated spills, and 

arios, RAC - ~ followed 2 - %  the 
erion living offsite wi1 

Risk Assessment Corporationp 
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, _  . .  ' e  .' . the contamination is therefore more' homogeneous.-in. nature. For uranium, we assumed fixed 
. ' . .isotope ratios- for the 235U, and present at the site and expressed the composite uranium 

d s  for all isotopes of .plutonium,' &nericium-241, .ind neptunium-237 starting with initial 
, ' . : r , . ' :  " . . .  

' 'For the%dculations, I .  'we used the RESRAD Version 5.82, an updated version of the RESRAD 
': prpgrG used for'the earfier calculations, because it was the most practical choiceand because we 
; were-requited to &e calLulations with' RESRAD in addition to any other .Code that may have 

..' @en. selectk&.To make the code' better 'suit' our needs, we designed extensions to RESRAD to 
' ' "-&lude't 1) :co&ideration of 'the. heterogeneity of 'radionuclide concentrations in soil around the 

i,ng uncert&nty"in .predictions ,of dose, (3) consideration of additional exposure 

approach for';our ahalysis to :.include .soil resuspension after 'a  prairie ..fire 
remov'al'of the vegetative cover b d  increased resuspension of soil f0r.a period 

:'For eachscen&io, we incorporated the. probability of a fire occumng-in the area using 
. ..',' fire statistics for this century in the Arapaho and Roosevelt National Forests and the Pawnee 

'% N&onh~'Gr&$l+dS. "For the plutonium assessment,' the probability of -a fire occurring on the 
. ' +'rabcher's la6d:at the'RFETS Was estimated'to be 1 x ';: '.;';;:'. ' f'? :; Calculation of.RS&S for uranium was done differently than that for plutonium because the 

1 . .  * h':, :. j ; , q : . :  r(  , ! ., 
nature and extent of contamination differed between the nuclides. Our treatment of plutonium 

. .  . - '  'considered a" 'l0&m2 contaminated area. Using spatially variable soil concentrations and 

. .  
. :  

. .. vel i h . ' t e h  of 'a s ig l e  isotope, ?J. For plutonium, we calculated isotopic ratios and decay . .  

. .  
. : : . . . . .  

! c;nditions me'LUred in 1971. ' . . 
. .  

. .. . . .  . .  . 

. . _ _ . ' I  ..... ~ 

:, ' ,. : 

.... . ._ . .  

' 

I I . . .  . .  
. . .  

4s treat*g the possible occurrence of a large grass fire. . . ' 

. 

. I  
2. <!,),>, i. ? ..,. . ' - .. 

, 

. 
.:.. 

. .  

. , . i ,  ' .  ..,:, . 

meyured air concentrations of plutonium around the site, we calibrated a suspension model so 
that ' de'-auspension rates of plutonium-contaminated soil would yield concentrations currently 
measured at the air samplers. This procedure was not extended to uranium because a) uranium- 
specific measurements were not available at the samplers and, b) uranium contamination is not as 
widespread as plutonium, &d therefore would not be expected to respond in the same manner. 
Our investigation indicated that uranium was mainly limited to past disposal areas and burn pits. 

. _ _  Furthennore, . . . .  , _  Litaor (1995) notes fundamental differences in solubility characteristics of 
plutonium a&d uranium that, in turn, affect their mode of dispersion in the environment. 

. '  . ' f i e  prairie:-hre was not considered for the uranium analysis because the smallest fire area 
considered 'iri'the fire statistics data set was 4.05 x lo5 m2, or 100 acres. Using the area 

. ' encompassed by uranium contamination (100 m'), yields a probability of a fire that is 5 orders of 
-'kihgnitude :lower t h h  that for the plutonium case. Additionally, only the inhalation pathway was 

ted by the fire and inhalation doses made up a small fraction of the total uranium dose. 
Nevertheless, ,we ran a trial fire case to verify that even if there were a fire, the doses from 
uranium would not be significantly higher. For this trial, we conservatively assumed that any fire 

' Details ,of our technical approach for determining isotopic ratios, estimating concentration of 
plutonium in air; calculating uranium RSALs, calculating alternative groundwater dose from 
measurements in the literature, providing perspective on risk, and describing other computational 
details of the RSAL.calculations &e described in the report and in five appendices. We applied 
6is;approach'to the Rocky Flats data using the most restrictive exposure scenarios approved by 

: the'oversight Panel and assuming a 10% probability that the 15 rnrem per year dose limit will be 
. ' exceeded (i.e. a 90% probability that the dose limit will not be exceeded). 

, .,>''. - 5 .  

' . . . .  

t :  

. .  
. .  

. .  . . . . .  6 

. : .  . 

,. 'occumng on the 'site encompassed a'uranium-contaminated area. 
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sing this approach, the technically derived RSAL for 23*2"opu in soil at Rocky Flats would 
pCi g-'. The results as presented are a reasonable indication of RSAL magnitudes based on 

purely scientific considerations. Table GS-1 shows the results of the plutonium calculations for 
each scenario at about the 10% probability level. 

able GS-1. Plutonium Soil Concentrations (pCi g-') at 10% Probability Level" 

RAC-1 (rancher) 35 
L RAC-2 (child of rancher) 35 

RAC-3 (infant of rancher) 85 
RAC-4 (industrial worker) 90 530 
a At the 10% probability level, there is a 90% probability that the dose limit will not be exceeded. 

Based on EPA guidance from 40 CFR 196; they are the dose limits used in the previous 
DOE/EPA/CDPHE 

RSALs are also presented in this report for uranium isotopes (234U, 235U, and 238U) for three 
scenarios: the DOE resident (DOE-l), the RAC rancher (RAC-I), and RAC child (RAC-2) 
scenarios. The DOE resident scenario was chosen for comparison with RAC's methodology. The 
rancher and child scenarios were chosen because these scenarios yielded the most restrictive 
RSALs for plutonium. Assuming a viable groundwater pathway and a 10% probability, the 
technically derived 238U RSAL for the most restrictive scenario (the rancher child) was 10 

We also developed an alternate method for calculating acceptable levels of radionuclides in 
soil. This method was based on calculating annual doses to the receptor for different remediation 
(i.e., cleanup) levels. The remediation level that resulted in a 10% probability that the 15 mrem 

-dose-limit would be exceeded defined the RSAL. This method more explicitly addresses t h e  ~ 

heterogeneity of the site and makes it possible to estimate RSALs that correspond more directly 
to a remediation strategy than does the sum-of-ratios technique used with RESRAD. The 
approach is more difficult to implement and therefore has not been fully automated in the 
analysis. However, because it is more explicit, it is a useful check on the sum-of-ratios method, 
and we include its results in these conclusions. This alternate calculation resulted in an RSAL at 
the 10% level of about 37 pCi g-', suggesting a value consistent with 35 pCi g-' as a technically 
based RSAL for the Rocky Flats site. 

While our methodology and the resulting RSAL values are scientifically defensible and are 
based on sound science, RAC believes that additional work could reduce some of the uncertainties 
and refine the RSALs. There were specific areas where more information or more organized 
research and scientific inquiry would have allowed us to make better parameter estimates. 
Foremost among these are data that quantify the impact of a prairie fire on the land now occupied 
by the Rocky Flats site and the data from the Actinide Migration Evaluation studies. Additional 
areas where research could enhance this work are described in this report. 
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ts site and the data*from the Actinide Migration Evaluation Istudies:Additional 

*- A sound technical foundation 'and credible scientific .methodology are the most important 
elements in setting soil action levels for Rocky Flats site. However, the final decision on setting 
the RSALs ultimately lies in the hands of the stakeholders, DOE, and other State and federal 
authorities. There are othermiteria that influence the decision-making process for the Rocky Flats 
site, such as the cost of cle1anup, protection of ecological resources, and community values. The 
approach to cleanup that is ultimately. implemented by the DOE at the RFETS will involve many 
political, social, economic, and moral decisions. It is imperative that all involved in the decision 
process recognize these factors and the integration of ideas that must go into making a decision of 
this type. 

ch could enhance this work are desciibed in this report. 
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dose limit for the scenario. Fo 
242pU) in the soil at, Rocky flats, the activity ra 
domain [of observation, although they, change 
isotopes in the soil on and near the site came fr 
the 903 Area. Leakage from the barrels con 
contamination was spread by wind-induced re 

spatially consistent isotopic 
waste barrels. The combin 

isotope ratios to express the maximum annual dose from americium and all plutonium isotopes as 
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cus of the current project was to 
vels (RSALs). In 1996,'the DOE, 

Department of k b l i c  H e  

r 1996, the Radionuclide Soil 
The RSALOP was a group of communi 
issues. In 1998, DOE provided funds 
independent assessment of the proposed interim radionuclide soil action levels (RSALs) and to 

To understand the scope of 
the entire project. These objecti 

rstand the design objectives of 

ase the soil action level on a dose constraint rather than a 1 

the site and 85 mrem in a year for restricted use. The dose limits were those chosen 
for the 1996 assessment (DOEEPNCDPHE 1996) and are based on EPA 
40 CFR 196, which states that a remediationstandard of 15 \mem y-' sh 
at sites with radioactive material in all environmental *media (EPA 1996). The 
radiation dose to be received by an unrestricted release exposure scenario will not 
exceed 85 mrem y-' so that any individual will not receive more than the ICRP 
recommended dose,limit of 100 mrem even if.land use restriction 
(ICRP 1977). 
Consider any realistic scenarios of exposure for the future ahd do not be limited to 
.using scenarios that had previously been proposed. 
Include uncertainties in the calculation to the greatest extent PO 

3. 

4. 
_ _  - Incorporate site-spec a into the calculation ___ where th 

6. Evaluate different c er codes that &e avail s aild - 

select one to.use that is the best for 
environmental transport computer code, 

. ~ .  the previous assessment as specified by' 
7. Use a documented and-reviewed co 

possible to improve the guality of the calc 
8. Evaluate all input parameters to the 

alternatives if values are not appropriate for the 
9. Complete the work within the time co 

and the public at monthly availability 

> 5 -  

This study developed out of concern about the methodolob'and lack of public input 
involved in the process of establishing interim soil action levels by DOEEPNCDPHE (1996). 
These radionuclide soil action levels or cleanup levels are presented in'Table9 2-1 9nd.2-2. Table 
2-1 shows the DOE/EPNCDPHE individual soil action level results. Table 2-2 shows the sum- 
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of-ratios example that considered a' fixed &io :of "'m; to 'id'Am. Comparisons between these 
results and the results of the RAC calculations to be presented in this report are discouraged 

' because the two' sets . .of . l .  calculations :. , .  were 'performedp with (1) different -doie conversion. factors . 

, . +d (2) 'different resuspension.' r models . igid data. Additionally, (3) in . <  the DOE 1 .: cdculationl'.&e . . ..:a . 

. . .  ' principal pathway was inh the correspbnciiig RAC estimate, it i + a ~  ingeitiqnl'and (4), 
. .  . $e DOE +ulation was 

. .  . 

, .  - >  .. . . * . . .  , .  ~ . . .  .. . . .  . .  
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@., . 

I :. . .  .. . .  
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. . .  
thodology, presented, here . .  

. -  
luded.:the effects of 'a pr 
''.T.. . ; 4  ,_ : 

- , .  
scen*o .. , .  
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... - ... . . *  : 

Table 2-1. Indiddual-Radionuclide:Soil Action Levels (in pCi g") Proposed by ,'L'2-,. 

. . .  I ..._ , . .  . . . .  . ..->,,-,, . .  . . . :  ; - .  . . .  . .  ,. 

? . .  ., ... .. 
. .  DOE/EPA/CDPW in October . -  1996 a .  . ,. . : .  

. .  . .  _ .  . .  t .  . \ * . . ' -  .,. :. : ,,.,Resident . .  ' 1  .. . < . .' .,Office worker ' 1  'Open. space user : 

Americium-241 
Plutonium-239,240 252 * * 1429 .lo88 ; 9906 
Uranium-234 307 1738 1627 1 1500 
Uranium 235 24 . 135 113 1314 
Uranium-238 103 586 506 5079 
aTaken from Table ES-1, DOEEPNCDPHE 1996. 

I 

i 
i 

Annual dose limits 

t 
Table 2-2. DOE/EPA/CDPHE Example of Radionuclide Soil Action Levels 

(in pCi g-') Based on the Sum-of-Ratios 
Resident J Office Worker 

Radionuclide 15 mrem 85 mrem 15 mrem 
Americium-24 1 21 117 101 
Plutonium-239,240 115 . 651 ' 562 

* >  

This project was broken into eight tasks: Two of the tasks, public interaction (Task 7) and 
interaction with the actinide migration evaluation (Task 8) occurred throughout the course of the 
project and impacted the evolution and outcomes of other task reports. This Task 5 report builds 
on the groundwork laid by three previous reports: Tasks 1,2, and 3. 

The first task of the study (Task 1, Cleanup Levels at Other Sites) was designed to provide 
the RSALOP with an unbiased evaluation and comparison of previously developed soil action 
levels for the RFETS and other facilities (Weber and Till 1999). Soil action levels and other 
cleanup criteria have been established at a number of national and international sites. Based on 
our review of soil action levels at other sites, RAC concluded that the soil action levels developed 
by the DOEYEPNCDPHE for use at the RFETS are significantly higher than action or cleanup 
levels at other facilities. This was the case even when normalized to dose, i.e., presented as soil 
level per unit dose. RAC was able to identify the differences between levels in almost every case. 
The discrepancies were always related to different parameter valuation or different baseline 
assumptions. 

. 
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In,Task 2, we evaluate 
project (RESRAD, MEPAS, 

.this evaluation,- RAC selec dated version of the,=-. - -  c 
independent calculations, of soil action levels for the current project., 
employed a revised methodology for resuspension that RAC found unsatis 
Rocky Flats soil action levels. This led us to devise our own treatment of resuspension, which is 
described in this report. 

The outcome of the RESRAD calculation is strongly controlled by a few parameters, as 
shown in the Task 3 report. The controlling parameters are mass loading (resuspension), soil- 
water equilibrium distribution coefficient, mean annual wind speed, and area of the contaminated 
zone. RAC studied the influence of these and other parameters on determining the soil action 
levels. The input parameters to RESRAD were described in detail in the Task 3 report (Aanenson 
et al. 1999). Each parameter of significance to the calculation was described, and distributions of 
values for significant parameters used in the independent calculation were given. Many other 
parameters are discussed in the Task 3 report, not because they significantly impacted the 
calculation, but because we changed the values from their DOEEPNCDPHE value to better 
reflect the current state of knowledge. 

Another important consideration is the dose conversion factors (DCFs), which are the 
radionuclide-specific factors that determine the dose per unit concentration of inhaled or ingested 
radionuclide. We used DCFs from the most recent ICW reports (67 and 71) addressing the 
subject (ICW 1996) rather than the values from ICW 30 (ICRP 1979) used in the original DOE 
assessment. The newer ICRP 71 (ICRP 1996) inhalation dose coefficients for plutonium are 
lower than those reported in ICRP 30 primarily because the newer respiratory tract model 
assumed a reduced uptake of plutonium from the lung. The newer model also considers dose to 
specific cells at risk (target cells) rather than calculating an average dose over a region. 

We also studied some important scenario-related parameters in detail, such as the breathing 
rate and soil ingestion rates (Aanenson et al. 1999). The exposure scenarios are an integral part of 
the soil action level work, and RAC invested considerable thought and time to ensure the 
scenarios would be protective of people who may come into contact with the site in the future. 
Each scenario hypothesized the exposure characteristics of a single individual, with a defined set 

ministically in this 
analysis). RAC evaluated the three scenarios described in the existing soil action l e d  report? 
(DOE/EPA/CDPHE 1996) and developed four additional scenarios after numerous discussions 
with the RSALOP. The scenarios are defined by numerous parameters of varying importance. 
Examples of important scenario parameters include breathing rates for various activity levels and 
ages, soil ingestion rates for children and adults, fraction of time spent indoors and outdoors, and 
the potential use of or exposure to contaminated water from the area. We focused our greatezr- 
effort on establishing values for breathing rate and soil ingestion because they were parameters in 
which the panel expressed primary interest. 

RAC also developed a Monte Carlo interface for RESRAD to estimate uncertainty 
distributions for the final dose and soil action level values for each of the scenarios and used 
probability distributions developed for the input parameters (Aanenson et al. 1999). This interface 
also helped us consider the nonuniform spatial distribution of plutonium and americium in the 
soil on and near the RFP site. The interface was calibrated to reflect site-specific conditions and 
used site-specific historic data, particularly air monitoring and soil concentration data. 

nvironmental assessment .computer! programs for use in the 
, MMSOILS, and DandD) (Killough et al. 1 

--. __ __ - _. 
- of behaviors and physical attributes (i.e., exposure scen 

Risk Assessment Corporation 
"Setting the standard in environmental health" 



2-4 Radionuclide Soil Action k v e l  Independent Reyiew 
. .  . .  Task 5: ... Independent . Calculation , .  . 

- . This current report,builds on the bsurnptions'and methodologies.explained in the reports for 
''.T&ajsli l'(weber and Till 1999); Task 2 (Kil1ough.et.d. .1999), &d T&k.3'(A&ens&et al;'.1999). 

rage the reader 'to,review these previous reports' for specificdet'ails about the 
o'esti&te soil'action levels ahd input datawed in'burkndyses: 
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activities are predictable and are assumed approximately uniform over the site. 
In the calculations of soil action levels, we considered 238Pu, 23h, '?u, "'Pu, 242Pu, "'Am, 

and 237Np. Krey et al. (1976) summarized measure ts of mass ratios of the plutonium isotopes 
made in 1971. Table 3-1 normalizes these ratios to a total of 100 g of plutonium and shows the 
corresponding specific and absolute activities of the isotopes. Table 3-1 also shows quantities of 
"'Am and 237Np calculated from the "'Pu -+ "'Am + "7Np decay chain for the year 1971. The 
calculation assumed that-a unit of 24'Pu activity was present in 1965, with no decay products 
present. We then adjusted the quantities calculated for 1971 to make 241Pu agree with the activity 
level shown in the table, giving the correct relative proportions of the decay products for that 
year. 

Table 3-1. Initial (1971) Isotope Ratios for Plutonium and its Decay Products 
Specific activity Mass Activity 

Isotope TBq g-' pci g-la g TBq pCi 
PU-238 6.34 x lo-' 1.71 x 1013 6.79 x 4.31 x lov3 1.16 x 10'' 
PU-239 2.30 x 6.22 x 10" 9.49 x 10' . 2.18 x lo-' 5.90 x 10" 
Pu-240 8.43 x lod3 2.28 x 10" 4.84 4.08 x lo-' 1.10 x 10l2 
Pu-24 1 3.81 1.03 x 1014 2.19 x lo-' 8.34 x lo-' 2.26 x 1013 
PU-242 1.45 x 3 . 9 2 ~  io9 1.36 x 1.97 x 10" 5.33 x lo7 

- ~ _  

To convert from pCi g-' to Bq kg-', multiply the pCi g-' quantity by 37. 

Figure 3-1 shows the behavior of the isotopes in Table 3-1 over time. Plutonium-241 decays 
by beta to 24'Am, which we estimate will reach a maximum in 2032. Americium-241 decays by 
alpha to 237Np. Plutonium-239, 2?u, and 242Pu have half-lives of thousands of years and underG3.- 
negligible radioactive decay during the period considered. We included the effect of leaching 
with a soil-water partition coefficient Kd = 2000 mL g-' for all plutonium isotopes and Kd = 1000 
mL g-' for americium. This would simulate some removal of these radionuclides from surface 
soil. 

The initial conditions were based on the relative activities in 1971 given in the table. The 
kinetic behavior of the decay chain "'Pu + 24'Am -+ 237Np was calculated by standard methods. 
The calculation predicted a maximum for 241Am in the year 2032. Krey et al. (1976) made a 
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her' 'Species ' are not shown, but these 

. .  
. .  3-2 .. 

. .  . .  

: ' .similar estl&te.' ' The radioactive decay, products 
. .  , .: . , . . .  b - . I 

. .  . .  ! . 2 ,  * -  . . . . ,  + . '  :. . . . .. . .. . . .  .( 
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' . . .  - :, .radi.onuclides form in quantities that &e'negli$ble 

%*% in the yeC'iooo . 
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. . . .  . Year 
. .  . . Figure 3-1. Relative kinetics of plutonium, americium, and neptunium in Rocky Hats 

... . .  ' ' soil from 1971 to 2050. The activity proportions correspond to 100 g of plutonium with 
.. ;. 

: is,otope &s ratios given by Krey et al. (1976). 
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1 :.,. . . ,  
DISTRIBUTIONS, OF PLUTO, 

. .  
>.’. :., :.:\ AR ;. .,,,) THE ;_ ;_ ROCKY ., (. : : )  . ,  FLATS , . , . . 1 . ,  SITE.’ i . ’ , ; . .  ,~ , , . ,..; .~ . . . : a :  

uniform acrosg the site. Numerous 
‘\ spatial variition of p1utoniul;;’in 
i j  

.-7 
, I  

i i  Lj e model is based on the composite database 

mplished with strai 

s with a specified region within which the 
ly treated as being uniform, although the developers relax that 

assumption to accept variation within a factor of three. However, plutonium concentration in the 
‘ soil increases by a factor of more than 100 from Indiana Street westward to the 903 Area. Thus, it 

s not possible to assign a region to a scenario that meets the developers’ guidance. If the assigned 
: 

region is too small, it excludes most of the radioactivity. If it is too large, it fails the factor-of- 
thiee test for homogeneity. 

Our approach to estimating soil action levels requires that we recalculate RESRAD’s ratio of 
air and soil radioactivity concentrations, in such a way that they account for the large spatial 
variations in soil radioactivity. In effect, it is necessary to estimate realistic air concentrations of 
radioactivity and use them to modify the parameters in RESRAD. Such an approach 

23*240pu radioactivity concentration in soil on an model-of-the spatial distribueon _sf -_ _ _  - . --  
t %-e- > _- __ 

- _  _ _  

model because we need an estimate of the concentration for-iby-specified- 
cations where no measurements have been made. Moreover, the derived 
e smoothed somewhat, leveling the considerable scatter in the data. 

numerical integration with the model would run into difficulty, and 
s necessary to add the contributions to resuspended plutonium from 

model, we need to begin with a suitable database of observations. We 
estricted our selection, for the most part, to measurements for which the documentation included 

the sampling depth and an approximate time when the samples were taken (one set of 

- - 

- 
4 

- -- 

a The 903 pad is alternately referred to as the 903 Area and the 903 pad throughout this document. The two 
phrases reprdsent the same thing. We generally refer to the 903 Area when we are discussing the plutonium 
contamination, because that contamination came from the area originally known as the 903 Area. The 903 
pad refers to the asphalt pad placed over the area during cleanup of the disposal site. This is the phrase 
generally used when discussing research that took place after cleanup of the area. 
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ampfing depth is of 
y Webb et al. (1997) 

. . . .  . .  
. .  

,. . :  i I  . _  . . _ .  , . .  

' measurements th 
particular import 

t ' tpqe :criteria, i s  aiscys'sd r ... bkljiw ..; 
ent field &theoretical work rep 

. .  . 

50% of the initial deposition 'remaining in the 0-3- 
be consistent with Kiey and Haidy (1970) and Krey 
y 'e t  al. (1977): Data from some of the locations 

m the regression because of the apparently inconsistent 
ns are presented as open circles in Figure 4-1. Rood and 

for our choice of data used in the regression, we have shown 
define each point on 'the graph (Figure 4-1). Note'kat. the 

kd' l i t t le far exceeds the number of sites represented by Krey 
vidual site been readily . .  available, it might have been 

. .  . - ,  perform the regression using the aggregated data. But 

s &e perplexing: There appears to be a clear evidence of a decrease 
..- . .&'the b-3-cm plutonium inventory between -1972 and 1989 based on the work of Little (1974), 
.. Webb"(1992); and one sampling site in Krey et ,al. .(1977). However, two of the other sites 

asured by Krey et al. (1977) show substantially less'plutonium in the surface (0-5 cm).than 
w k  .obse&ed by Webb and - .  Little. Little (1976) measured depth profiles a t  10 sites, and Webb 

. (1992) resampled these same sites in 1989, while Krey's later measurements were from only . 

sion'of the questions. involved. 

- - ; : we believe we would ha und a very similar curve had we had done this. ._E.- 

. .  
' ' Resu1ts"from these: . .  . .  

8 . -. . .  , :. : 

, 1 . . ,  . . ' 3  

. _  

. .  

. . a  . three . . sites. 
. / .  . .. . 
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Numerous processes 

1993); colloidal movement (Bates et al. 1992); biotic perturbation (Litaor et al. 1994; Winsor and 
Whicker 1982); and soil cracking (Higley 1994). These processes are not well understood and are 

saturated soil conditions, pl . This work is currently unpublished; 
heavy rainfall) may have moved 

onium has migrated 

, currently an area of research at the RFETS. Recent work by Litaor has suggested that under 

we think it is likely th 

empirical means to su 
variety of data sets: 

gression equation is simply an 
m in She soil as indicated by a 

ntinue to remove plutonium from the surface soil. In 
ddition to deriving the regression curve, we performed a statistical analysis on 239+240pu samples 

from the 0-5-cm depth that were taken as part of the Rocky Flats monitoring program. These 
samples were taken annually from 1984 through 1994, at 40 locations, with distances roughly 1 
mile (1 .6 .h )  b d  2 miles (3.2 h ) . f r o m  the center of the site and at direction intervals of 18”. 
Using the aggregated data, we estimated a loss rate of approximately 1 percent per year during 

11-year sampling period (Figure 4-1). Despite considerable scatter in the data, separate 

identical values of the rate coefficient. An 85% confidence upper bound for the rate coefficient is 
-3.02 x 10: per year, excluding zero at this confidence level (thus we may conclude that the rate 
coefficient is, negative, corresponding to a plutonium loss that is detectable at the 85% confidence 

thus do not rule out zero. Figure 4-1 indicates that the rate estimate gives a good approximation to 
the slope of the regression curve during the relevant period (dashed segment). 

It is likely that natur 

I mates based on the inner and outer rings of sample locations were consistent, giving nearly 

I level). Ninety-percent and higher confidence levels give positive confidence upper bounds and 
~ 

I 

I 

. .  . * . .  
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Poet and Martell 1972 (1970) 
[average of 3 sites] ." 

' -  Webb 1992 (1989) I E et al. 1977 Site A ' ' 

Webb 1996 (1994) 
[average of 96 sites] Site B (4 cm) 

I .  . . .  . . .  
?. i .*, . . .  

.... . . .  

C 

. . . . .  

. . . . .  . . . . . .  . . . . .  , . . .  ' , Dashed line,indi,ctes an _i  .0.4'- 
. . .  'estimated exponential 

Krey et al. 1977 ' decrease of Pu in the top . .  . . . . .  
. .::: ,Site.7 ( . .i .. _ .  5 v. at rate -0.0099 year-1. 

. . ,",\ . (1975) . -.,D&hed line is &gned with . 1.' ... I! . .  :, . 
. 1  . . . . . . .  . .: .. ,. ... ! ... -. .'-..regression.cuwe.in1984 . . . . .  , , '  ' . .  ,; 

. .  . " . '  . . .  . ... . . . . .  I . . . . . . .  " 

-. . 
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. ,  
I .,;;: 1990.- I;' : ". 11999 
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Figure Regression curve bised on data-summarized .by Webb (1996). The curve 
. .  

'*Y' . .L: ..... ".'r epresents.the.equation..,y~= aexp(-b,t).+ (1 - a)exp<-b2t), with nonlinear least squares- 
par'&-hekrs b'='0.54769, bi = -0.00255, and bz = -0.1825. The black circles 
he data-. used :,for.. the ,.regression,',. idid:-the white circles indicate omitted 
S;'The d-hed line.refers to a separate 'analysis. It is based 'on plutonium data 

. . . .  ' fromm'the"O-5-crnlayei . , : .  . .  at'l-mile h d  2:mile d ishces  from the 903 pad (20 locations at 
- 'each . .  &stake), representing 'the years ' 1984-1994.' The. estimated exponential removal 
' rate is 'approxix&tely 1 %per year. We find that the rate is negative at the 85% confidence 

-. - 
. . _  . . .  : . 

' ,' .... . .  . nfidkrlce levels. 3 3 

..I ..lev& but not 
. . .  . .  ! '  I .  - . .  . _ . a .  ' 

. .  
The raw data for the plutonium database were obtained from two sources: 

1. A 'computer archive of 1122 results of soil samples, deposited with the Colorado 
Department ofPublic Health and Environment (CDPHE) by M. Iggy Litaor.b ' . 

2. Table 1-2 of Appendix I from Ripple et al. (1994). 

The archive (1) of LitaorKDPHE provided Colorado State Plane (CSP) coordinates (ft) and 
activity concentrations (pCi gl) for observations reported by Illsley and Hume (1979). It also 

- provided the CSP coordinates for the 40 locations of the RF monitoring series mentioned 
previously (rings at approximately 1 and 2 miles from the center of the site, at angular intervals of 
18"). For each of these 40 locations, we averaged the series 23% for 1984-1994 for use in our 
model; the plutonium results for these locations were taken from the 1994 environmental 
monitoring report (RFETS 1994) rather than from the archive. Many of the data in the 
LitaorKDPHE archive could not be documented and therefore were not used. One series, with 
code numbers PTOOO-PT124, however, was considered essential because of the coverage that it 

--I .- I 

This data archive is available from the Colorado Department of Public Health and Environment (303-692- 
. .  

. . . .  
. . >  . . .  - . , ' I  

- 2000) 
. .  . t .  . 

. .  .., . . .  
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provided,near the 903 pad. The Rocky Flats sampling protocolt specified a sampling depth of 0-5 
and we have assumed that all observations inzthe p1T series were taken in conformity with this 
ocol, but it,is ‘possible that the series contains some.yalues that are based on shallower depths. 

I documentation and ompilation ,of- Ripple et al. (1994) (item 

which,.we converted to 

he appendix,of Rippl 99P) .were given ,in the >Universal Transverse Mercator (UTh4) 

(4- 1) -0.192 4 [Pu], =[PU]~-~,, ~ [ 1 - ( 1 - 1 . 4 1 e ~ . ~ ’ ~  -0.16e ) ]=[PU]~-~,,  . f ( z )  
where the bracketed quantities represent concentrations of 239+2% (Bq kg-’). If we are given a 
plutonium activity A(zd) (Bq) that was sampled from the O-zd-cm layer, we may express it as 

(4-2) 

where p(z) (kg ~ m - ~ )  is the bulk density of the soil at depth z .  We may solve Equation (4-2) for 

A ( z ~ )  = p [Pul, p(z) dz = [ p u I 0 - 3 , ~ ~ ~  f ( z ) p ( z )  dz . 

Webb et al. (1997) provided a profile of the Rocky Flats soil bulk density, excluding rocks of 
diameter greater than 2 mm: 

p(z) = 0.79 x 2°.24 kg ~ r n - ~  . 
The exclusion of larger particles corresponds to sieving of the sample soil, which is part of the 
contemporary sampling protocol. Thus the density profile is not representative of the true bulk 
density of the soil, but on the assumption that little plutonium would be associated with rocks, it 
places the samples on a common basis (Webb et al. 1997). When Equation (4-4) is substituted 
into Equation (4-3), the integral is computed by a numerical method. 

The procedure summarized by Equations (4-1) through (4-4) is directly applicable to recent 
samples. A strict interpretation would question its application to data taken around 1970, such as 
the historic subset of our database, given the temporal migration of plutonium indicated by Figure 
4-1. The figure suggests that during the years 1969-1971, 80% or more of the observed 
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, 

. .  

- 

' ' 

. . '  plutonium in the'liistoiic database .(item 2 listed above) would have .been in the 0-31cm surface 
, ' -'soil :layer: Thus,','given the. 'evolution .indicated by :the ..figure, .it,*iS -reasonable -.to ..assumeG!that 
' . s&les .to a depth of 5 cm.or more would 'ordinarily 'have.accounted for,essentially.all of the 903- . 

Area plutonium in the soil column. 

'...1) through '(44);? kespct ive of 'the sage .of :the sarnples:,.'We.:iiave -considered 'readjusting !the 
. . .  .values for sample%ge 'on' the 'basis tof,coiisiderations outlined in .the :preceding ipaiagraph-r .The 

'. ' :, -!'-We initially adjusted'all concentrations in 'the datab 
. . 

. .,: :result would be to decrease; some of the estimateid levels in the 0-34m ,layer: for the 1990s. The 
. .m&i&deiof the change would be greatest for'the,shallowesf sampling-depths;(a factorbof ,at-most 

. ' -:2.6 for. .1 'cmdepths sampled in '1969) and there would be'no, $ha1ige:for.20km sampling depths. 

.".the.datab&e'&d by the data of -Webb et al. c1997); we'ihave not!aitempted-an :adjustment for the 
. '.:age of the s&nple.The evidence for the'initial W e  of,d@rease&dicated in Figtire 4-1. is tenuous, 

. ' . b d  the'declhe could. well .have been more'&pid, -indiCatjng.adjustments 4ofclesser.,&gnitude. 
'..Other' :considerations' &ped! against. 'making -&ch7'an adjustment; ;.A ;proper -analysis.. of :this 

'.'kpestibn. would'r4uire.a model .that would,-account 'for the ;evolution 'of the. 'profile from the' 1960s 
-"?to the"ear1y 1990S':wtien'the sampling reported .by~Webb'et.,al. I( 19979 was carried:out. But it is not 

. 

. 

. . .  In view :'of:this',relatively small .discrepancy.and. the good agreement betweenxrends indicated .by 
. 
. 

z& that'sufficient profile!data exist t0"suppOrt firm conclusio$s based.on such.a model.: : : . :: 
. :Figure '4-2 &&s the -'i&ations!:of ';all 'Samples': in' .the :.&&&e. .Location >symbols are 

dicate 'concentrations-R, 2-10, 1W100, and->100jBq lcg-l. Even this crude 
fair sense ,of the .'spatial &stribution':of -the .soil concentrations. Qf 239Pu. 

'i Cover&e within the plarit &ea and west of'thersite is-.relatively thin,: and. it i s  unlikely that these 
areas can' 6e substintial1y:supplemented from other sampling records: Prevailing westerly winds 

~ diffe.rentiate*d:' . '. 

directed most of,the attention of investigators to areas east of the 903 pad. . ., ' 
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Easting (UTM km) 

Figure 4-2. Locations of more than 588 soil samples of 239Pu at Rocky Flats used as a 
basis for a spatial model. The plotted symbols give a rough indication of the large-scale 
variation of ,the plutonium concentration. Sources of the data were Illsley and Hume 
(1979), Ripple et,al.'?1994), and one series,from an archive of M: Iggy Litaor provided by 

. 

' the Colorado Dep Ament of Public'Health and'Environrnent (CDPHE). 
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To be usefu1;a spatial model of theplutonium concentration h'soil  must provihe estimates 

4-8 
. . .  . .  

. . ,  

..... 

. : . .  0 .. 

for locations not included in the database (interpolation). Also, given the considerable random . 

scatter in the data, it must provide smoothing. Some efforts have based esti-matiyn of contours on .. 

@ging methods (Litaor et al. 1995). We have b&ed our approach on the more direct assumption 
that most of the spatial signal is the result 'of wind transport of contaminated soil particles from 
the 903 Area, and thus a polar representation ,from this center is reasonable. Webb et al. (1997) 
ioint out that power functions' have given satisfactory fits to data along transects from the 903 
pad. Figure 4-3 shows power functions.fitted to subsets of our data base that lie near the 60"' 90°, 
ad 120" transects; the black squares represent the data of Webb et al. (1997) (which we include 

. ?  

, 

. ' , 

in our model's data base). The data of Webb et al: (1997) are:extensively dkumented. They 

)]. The . . .  . 2 - w  t, . .... cutoff ..#. 

~ . .  
neous sampling efforts . ' 

he adjusted .bulk density 

'sample preparations. 
In some of the older -&ed with the'isoil , . 

'_ : I *  

!. The model is defi 
.centerlines at O", 22.50 
power function from near the 9 which the power function has the ?due 
2.1 Bq k g l ,  which is th f background given by Webb e t  al. (1997). Beyond this 
distance, all values are assumed-to . be'background ..'?. . .  for:purposes of . . .  the model. Between 'centerlines 
of sectors, linear. kterpolation .b&ed on :the ingle Is :usedlto-estimate the conce;ntration: For two 
sectors northwest of the 903 pad (292i50. and 315"), the coverage is inadequate to .establish 
credible power function fits, and the .power function for 270" was. extrapolated to these two 
sectors. Figure 4-3 shows the data and the power function fits for the 60°, 90", cind 120" transects 
and indicates good consistency of &e larger database with the data of Webb et ,al:.(1.997). But 
Figure 4-3 also emphasizes the scatter of .the data, generally . .  to a factor of about :lo. 

. 
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:. .:> . , ' ., _. _ . . . - . .  . .  I .. . .  . .  , 

, .  

. .  .. .  
I 8 ' . . < !  ,~ . . .  : !. . :., , .  . 1 1  

. .: .. 
. . . .  ' .!'. ' : ..,,: 

Power functions have the foruiula y = f i x )  kg, 'where A &id b &e co-tanti determined from the curve- 
fitting procedure. In this cke ,  y' is the concentration of ugPu in .he soil'k~d . . .  ,.+ ;'-is the distance.from the 903 
pad. The graph of a power function plotted on lOg&&c &es k a straight line. Therefore, when data 
plotted relative to logarithmic axes indicate a straight-line trend, one assumes that they are likely to be 
satisfactorily represented by a power function. 

. 2 -  . I.,.. -. . ,  

.. .. 
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Figure 4-3.'Power 

the two northwest sectors. Sample locations- g e  shown outside the 2 'Bq kg' contour 
(approximately background) and within the northwest sectors (where' they tend to confirm the 
adequacy of the extrapolations). For purposes of legibility, sample points have been deleted from 
other regions within the contours. The contours may be considered crude, with an angular 
resolution no better than the linear interpolation between sectors. But they ahply illustrate the 
considerable variation of the concentrations and the particular1 id increase as the 903 pad is 
approached along eastward transects. 

-The model estimates- are constrained not to exceed. the maximum adjusted sample value 
(567,000 Bq kg-l), which occurs in the immediate-xicinity of the 903 pa$ m e  points shown 

~ outside the 2 Bq kg-1 contour indicate ions that exceed background in-the 2-10 and 
10-100 Bq k g l  ranges. Incidents' 57 fire could account for components of 
plutonium concentration that do not coriform to the radial model. In any case, one cannot assume 

m concentrations in soil at Rocky 
Flats) provide exact partitions according to magnitude. The smoothing and interpolation provided 
by the model must be kept in mind. .Also, the historical 'dose reconstruction (Rood and Grogan, 
1999) predicted that releases from the 1957 fire would have progressed in a southerly direction 
from the plant, and deposition from this event may well have introduced perturbations which a 
model based 'od long-term wind-driven releases 'from the 903 Area would not.predict. Elevated 
off-site readings near the junction of Indiana Street and Highway 72 were noted by Litaor et al. 
(1995), who 'did not speculate about the source. The model is not expected to give. accurate 
estimates at specific locations, but rather to provide a basis for integration of resuspension fluxes 
over large areas for purposes of calibration, and to provide generic estimates of soil 
concentrations for exposure scenarios. Figure 4-3 gives a sense of the local reliability that may be 
expected. 

s (or any set of contours based on pl 
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. Figure 4-4. Contours of approximate ?l?u concentyation. in. soil (Bq kg;,') bas? .on [the., 
spatial distribution model described in the text. Dashed parts of the  cont to^^ , .. . Gdic 
extrapolation where. coverage was insufficient. for ..fitting power functjqns,, Iq .these -, 
-regions and outside the 2 Bq kg-' contour, .sample locations, .were plotted; to show, that 
there are some above-background observations where the. model .would Skicate 
.background (2.1 Bq kg-1). The model provides interpolation and smoothing for the q y  
measurements in the data base. It does not accurately predict.concentrations at individual 
locations or show fine detail but is used for integration of resuspension fluxes over large 
areas. 

- - - - - .  
. .Extrapolated~contours . . . .. 
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5. ESTIMATING CONCENTRATIONS OF PLUTONIUM IN AIR 

The potential for resuspension of radiologically contaminated soil must be given serious 
consideration in assessments of the Rocky Flats site. Inhalation ‘of airborne soil particles 
contaminated with plutonium and americium isotopes has been considered a possibly important 
exposure pathway; and its importance could be increased by a random event, such as a fue that 

For the existing ground cover on most of the site (uncut grass), our simulations suggest that 
exposure by inhalation of resuspended soil is of less importance than the aggregate?of ingestion 
pathways. We have replaced the internal dose coefficients in the =RAD database, which were 
taken from ICRP Publication 30 (ICRP 1979), with dose coefficients currently,recommended by 
the ICRP for members of the public (ICW 1996). For 
Rocky Flats, the newer dose coefficients reduce the dose by inhal 
ingestion, and the resultant changes are substantial. 

Departure,from the 
of the inhalation pathw 
mass loading parameter (essentially a mass concentr 
area factor that represented the proportion of the ai 
within the contaminated area of the soil. If the co 
representatiye of nearby contaminated soil, then 
calculated the product of the soil concentration 
The RESRAD area factor corrects for the uncont 
The area factor in RESRAD version 5.61 was a 
box model with first-o 
of the airborne radio 
contaminated sources that the model’s design envisioned. 

The developers of Version 5.82 of RESRAD have.refmed the e s t i q  
with more realistic but somewhat more complicated assumptions (Chang 
calculations, we avoided the RESRAD resuspension mod 
that takes into acc 

- also considers dat 
calibrating the pre 
well as possible 
representative of contemporary conditions. And ,it pro 
the predictions, given the ,assumpti 
of plutonium in the soil. To analy 
modified, because the resuspension fluxes that are es 
data are influenced by the existing grass cover. 

pathway. Table 5-1 provides a summary of the parameters 
are estimated. It contains quantities that have not yet been 
useful for backward reference during the reading of Sections 5.1-5.3. 

i I.‘ 

destroyed vegetation on the site. * I  1 a. 

’ 

. 
The following subsections give an overview of the- 
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Table 5-1. Summary of Parameters and Numeric Results for Resuspension Fluxes 
Quantity Estimate Reference 
Friction velocity u+ , Rocky Flats annual average (m s-') 

Uncut grass (a = 0.05 m) , 0.231 Compu-ted 
Unvegetated soil (a = 0.01 m) 0.21 1 '. Computed ,_ 

. - ._  . e .  . . . . .  . .  Resuspension flux parameters ., . . 
. .  ' .  .. , , :: . , . .  . '  . , i ; .  . Nevada Test site . > .  

. .  . .  . . . .  ' 0.732, .. .hspaugh,et .al. ,1975 

-.&. ' : 6.0 x 10" ,''ct,iriPuted :; ' . ,::. 

-2 -1 
' ' . F ~ ( m g m  s ) , :  . , ,  . . 

. . y(dimensionless) . . : .  . .  . .  . .  . , !. -. . 2.09 . ,Anspaugh.et al:::1975 . .  .' 

' 

 ROC^^ hats  - uncut grass , ' .; . . . _ i  : (  .. ... . :.. 
, . HUX: F = F ~ ~ F Y  'at 1 m (mg m-* s-') . 

'Boot&apkstimated flux ' 

, . ... . ' t  ' 
.,:.. : . ' 

. .  
I .  . .. . .  , 

I .  

. .  
r . .  , .  ' : 

. .  

: , .  . ' '.. . , . : ' , : .:_ :;,1* ' s i > * .  ' : . .  
I .. Geometric mean: F (mg m-'s-l) . 

I , . I .  . .  
Ground-level, raw unadjusted for sampler efficiency .*~5.:38 x 
1-m height, adjusted for s e l e r  efficiency' 

Long-termpend ' ' ' 

Short-term variability 
Total (effective) 

C&mputed ' 
8 .  

- " .  
omputed" . . .  . .  - f *;2.7& 10-5' > 

: I .  ? .  . . . . .  . .  , , , ._ .. . . .  . .  

' Geometri'c s t idaid deviations . .  , .  . . .  
.. '1.16 ' .  "Computed. . . 

. .  

, . . .  3.03' ', . ' 1 Co'mput&j : ;I ( '  .. 

. ' , computed ' . . . 
. .  , . .  

3.06 
. ,  

' . . 'Assumed 
. .  

Adjusted total for conservatism ' . 4 
docky Flats - fire scenario ' 

Range of resuspension factors (m-') ' lo4 - Sehmell984 
Conversion parameters 

' 

. .  

Thickness of soil layer available for resuspension (m) '0.001 ' ' Assumed . . ' 

Soil bulk density (g ~ m - ~ )  ' 1.3 ' NCRP 1999 . 

Corresponding resuspension flux range (mg m-* s-l) 3 .3 .~ .10 -~  - Computed 
' 0.33 ' ' ! 

. 3.3 x .Computed Logarithmic midpoint of flux range (mg m-* s-I) 
Geometric standard deviation 16 . , .  Computed 

. .  
' I .  . .  

. .  . 
. .  . .  

. .: . . .  

5.1 Model of Resuspension and Atmospheric Transport . 
. . ,' . 

. a  ,- . 

We assume that resuspension from the Rocky Flats site is predominantly wind-kliiven' and 
passively moderated . .  by the soil, topography, and ground cover. f i e  'view ,taken is of a ;steady- 
state condition of the ground 'and source and the effect of'  annuhlly averaged w$&. -This ; 
assumption does not deny the existence of frequent transient contributions from vehicdktraffic . . . .  . .%- . 
and human or wildlife-. activities that disturb the soil. Indeed, .an.. i p q m t i t  contiibutor %to'the 
spatial distribution of plutonium was the grading of the 903. pad in preparation ' . . . < - .  for .the paving 
surface that was laid down in 1969. But the effect of wind seems likely to be doi@nant'forFthe;site 
as a whole and for the present and future times envisioned by'the scenarios. The resolution of this 
assessment is insufficient to consider other more localized agents. 

An empirical power function model of winddriven material flux in a column of air, 
attributed to D.A. Gillette and J.H. Shinn, is 

. .  .,.:::* : . . . .  
S '  : 

F = Fo(u+ / u ~ ) ' + ~  (5-1) 
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(An,spaugh et al. 1975) where F is, the predicted material flux (mg m-2 s-’) at a reference 
height (say 1 m), Fo (mg m s ) is a flux coefficient, ~ f *  (m s-!) is the friction velocity, and, uo 

is the unit friction velocity 1 m S-’~(SO that the parenthesized ratio is dimensionless). The 
>exponent term y and the coefficient Fo:are usually.determined from joint observations of aF and 
u* . The friction velocity vu8 depends on the roughness of the surface, the wind-speed, and the 
atmospheric stabi1ity:The friction velocity varies little with the height at which the wind speed is 

-2 -1 

I 

measured. Note that in this interpretation, the model predicts the vertical flux of soil mass, which 
.would not a be affected by spatial or temporal variations of radioactivity concentration in the 
surface soil. The mass flux would naturally be expected to vary from one site location to another, 
but we consider the estimate an average over the site and (as we discuss in Section 5.2) over time. 

For site conditions that have existed in the 1990s, we estimate the parameters F, and y by 
a regression procedure that depends on th atid distribution’ of plutonium .in r the ~ soil on b d  
near the site (Section 5) and on air monitoring data for plutonium, measured at on-site and 

’ peripherally-located samplers ’during the years 1992 through t1994. The regression requires the 
plutonium air’ concentrations predicted by the resuspension flux F used .with an atmospheric 

% transport model, to agree as well as possible (h a least-squares sense) with the observations. The 
regression results may thus be viewed as a chlibration of the model to site-specific ’data. The 
distribution of residuals (differences of predictions ‘and observations) estimated by the regression 
‘provides a component of uncertainty for the predictions. We discuss these matters further in 
Section 5.2. 

The role of the ground cover at the site is not explicit inithe model. In field studies that refer 
to the model of Equation (5-1), the soil is usually bare or sparsely vegetated (Anspaugh et al. 
1975). Langer (1991) makes a case for research that would support explicit representation of the 
grass in modeling deposition and resuspension. Such modeling might account for transfer of 
radioactivity from soil to grass leaves by rain splash and the role of leaf motion in the wind in 
reentraining the radioactivity into the air stream. Our interpretation, however, considers the 
aggregate effect of such mechanisms to be in steady\ state at the scale of one year,’ and this 
aggregate effect is assumed implicit in the parameters of Equation (5-1). With this understanding, 
we apply the model to the Rocky Flats site with its contemporary grass cover. 

The predictions of the model of Equation (5-1) with the data from two locations cited by 
Anspaugh et al. (1975) exceed those of the same model calibrated tothe Rocky-Flats site under 

! 

contemporary conditions with the existing ground cover. In one case, based on data from the 
Nevada Test Site, the estimated resuspension flux (6. mg m-2 s-’) exceeds our estimate 
for Rocky Flats (2.76 x re than 200 (an annual average of the 
friction velocity u* based on Rocky Flats meteorological data was used for the comparison). But 

4 -  
a range of other observations reviewed by Sehmel (1984) suggests that even higher matend- 
fluxes might prudently be included in uncertainty estimates for _- Rocky Flats for the case of a fire-. 
Section 5.3 gives details of such a fire scenario. 

mg m-* s-’) by a factor 

5.2 Nonlinear Regression Based on Air-Monitoring Data to Estimate 
Resuspension Parameters 

Plutonium from the 903 pad has been unevenly dispersed over the site, and the soil particles 
to which it is attached continue to be resuspended, making the plutonium available for inhalation. 

Risk Assessment Corporation 
“Settincr the standard in environmental health” 
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Using.the interpolation model of 'soil contamination described in Section 5 with.the soil flux 
. 'model of Equation '(5-1) and 'an atmospheric transport model, we' are able 'to estimate the 
. ' concentration of the resuspended plutonium in the air at any specified location,. given the .values 
' 

of Fo and ' y  . This approach was contemplated by..Anspaugh .et .al. (1975), who suggested that 
. . .."the'vertical flux of contaminant 'may be predicted by .the dust flux calculated >using,Equation 

'(5-1) multiplied by the amount .of contaminant per unit mass of:soil surface mtenal. This 
. . information may then be.combined with a suitable model of atmospheric @mspo,rt aqd diffusion 

%. .which also considers the areal distribution of the contaminant to calculate.airbome ,concentrations 
:of resuspended contaminant both within and outside the contaminated area.'! We:now s u m z e  
: this model. 

. .  

_ I  

. . .  4 '  >:..:.... a , ,  , . ,  i ,: .. - . .  . .  

. .  
, ' , ' I *  . .., , , ' ,  . -  ,. ' . .  . .  

. .  

. _  
. . . . : !  . .  :.: ,,it.; 5.2.1 The atmospheric transport and diffysion model , .: . .  

,.. ' . .  * , ,,._ . ' *:. ' . 
. ... . *  

. .  . . The model of transport .and diffusion used for our calculations .is the Gaussian plume for a 
' point source (Barr and Clements ,1984). The Gaussian plume . .  prediction . . )  for each ,combination , .  . .  of 

..l.  source and 'receptor points is multiplied ,by the source strength (i,.e., the resuspension flux at 
' ground level in Bq s?) and by .the differential area (m') and.integrated over,the contaminated 

region. The process is repeated for each of 16 wind directions, 6.wind speeds, and 6 atmospheric 
. stability Categories, and the.results are averaged with weights from the meteorolo&& data forlthe 

site. The weighted average is an estimate of the 2 3 * 9 u  concentration'in the air at the 1 .  ;sRecified . 
location. The procedure is summarized by the equation 

.. . 

.. . 

Xijk (4 Y ,  z )  = F;, jjc, <5,77) G,, ( x ,  Y I  z;5,77* 20 1 d r  d77 ' 1 (5-2) 
R 

where xijk ( x ,  y, z )  is the predicted annual average air. concentration at easting and northing 
coordinates ( x ,  y) and height z above the ground. The subscripts v k  correspond,' respectively, . .  

to wind speed (6 discrete categories), wind direction (16 sectors), q d  atmospheric stability (6 
categories A-F). The subscripts ik on the resuspension flux F reflect the dependence of the flux 
on the friction velocity u* , which depends on wind speed and atmospheric . .  stability. The uN2"opu 
concentration in soil at the source point with easting and northing coordinates ( 5 , ~ )  is C, ( 5 , ~ )  
(Bq kg-I). The symbol Gijk ( x ,  y, z ; r , q ,  z o )  denotes the Gaussian plume prediction of . . , . 

(Bq m-3) at ( x ,  y, z )  corresponding to a unit flux (1 Bq m-* s-') at.source location (5,~) and 
height zo. (The parameter zo is the roughness height for the terrain and .corresponds to the 
height above ground where the horizontal wind speed becomes . .  zero. We use this.height for a 
ground-level release, i.e., resuspension.) 

differential point-source contributions throughout the co&afninated region, R, taking into account 
the varying level of concentration in the soil and the location of the. source relative to &e receptor. 
Contamination at background level from a wider area is also included, when it is appropriate to 
do so (for example, in the regression procedure described in Section'5.2.2). If the wind direction 
is from the receptor toward the source point, the result is zero. If the wind is blowing from the 
source directly. toward the receptor point, the receptor concentration will vary with the source 
concentration and the distance downwind. 

239+240pu 

The double integral ( j j )  in the formula of Equation (5-2) represents an addition of all . 
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-Equation (5-2) represents @e concentration at receptor location ( x ,  y) and height z for a 
single wind speed, wind direction, and atmospheric stability category, specified by the subscripts 
i j k .  A meteorological joint frequency table (JFT) for the Roc 

‘averages. of observations, provides a relative frequency for each combination o 
factors, denoted by wllk. The annual average concentration of 

given by . \  

3 \  

where we are assuming that the weights are normalized so that th 
k is 1. ’ i  

The transport and diffusion model includes provision for modifying the soil concentration 
levels of plutonium so that for any specified value C,, the all points interior to the contour line 
C =‘C, have concentration C, rather than the concentrations‘ indicated .by .Figure 4-4. This 
truncation arrangement facilitates calculations that simulate different levels of remediation, 

I whereas the model without this feature represents the site without remediation (other than earlier 
cleanup, work that might ,be reflected in the database). Th ature is useful for explicit 
calculations to compare with RSALs computed by methods that 
describe such calculations in Section 7. 

The point-source Gaussian plume model G,,, used in our calculations was adapted primarily 

from the formulation used for the Environmental Protection Agency’s ISC3 (ISC = Industrial 
Source Complex) model for atmospheric advection and diffusion (EPA 1995). However, to 
account for material loss from the plume due to deposition, we used a source-depletion model 
similar to the scheme of Van der Hoven (1968) rather than the somewhat more complicated 
surface-depletion representation used in ISC3 (short-term). The latter method is considered more 
realistic, but the extra effort needed to implement it and the possible increase in computer running 
time argued against it for this application. 

Note that the flux F in Equation (5-2) depends on the parameters F, and y .  The 
regression procedure for determining these parameters is discussed in Section 5.2.2. 

5.2.2 Nonlinear regression for ?, -and y usi 
data 

- 
- - - _  ~- _ _  

n-site andpedplieral air*monitoring 

We have chosen to base the regression on the annual data from 34 samplers of the S-series 
for the years 1992, 1993, and 1994. These data provide spatial and somectemporal informatiom 
about variation of the air concentrations of 23~’”opu resuspended from the soil on and near t hk -  
site. We restricted attention to these samplers because of a co-on protocol and their-extensive 
(although not comprehensive) coverage of the contaminated area. Beginning with the year 1992, 
the annual monitoring reports tabulated sufficient precision for the sampler data to permit us to 
distinguish among concentrations of similar magnitude. Previously, for example, 0.0001 might 
have been recorded for any value greater than or equal to 0.00005 and less than 0.00015 (a factor 
of three). Obtaining original data sheets might have permitted us to extend the record to take in 
additional years and samplers, but considerable data analysis would have been required for the 
numerous adjustments necessary to put all of the data on a credibly common basis. Moreover, 

4 -  
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. . here  is no'&urake that a cdhereritlpicture would have emerged. Corrections 'would 'have to 
'account 'for :different. sampler .characteristics and the longer-term . temporal. trend:in the soil 

.We use .'an index- m to identlfy .the sampler location, and'we write :z(ml Fo,y) ,for the 
pkdicted.annual concentration at sainpler .m , :given the values of the parameters Fo knd y.. This 
predicted. value includes the estimated contribution from background-level plutonium (fallout) 
contamination carried by soil within and beyond'-the region contaminated by Rocky' Flats 

. operations. For the observed annual average value at sampler m for year t (= 1992, 1993, or 
.,1994), we write zhr. (The predictive mode1,is not a function of the yex.t..).The . least-squares .I 

(5 -4 )  

. .where the. su-tion is .taken over m = 1,. . . ,18 samplers and t = 1992,. . . ,1994 . This problem is 

*: 2 . .  . .The logkithmic residuals rmr = In zmr - z(rn I toy p) .corresponding to the.solution : Fo, = to 
and "y = f of Equation (5-4) are used to estimate a geometric standard deviation for the predicted 

. .  

. L  x i  ,, ': . .  .;.;2concentration$ of u9+24opu ' . ' _  :. : . ' . .  

.. .._ :. . 

. .' ..  . .  problem associated with the regression is to find Fo and y such that 
' . .  . .S,=C[l n ~ ~ - . l n j 7 ( m I ' F ~ , y ) ]  - 2 =minimum;- . . . j:  

, .  . .  . .  ; . .  , 
. .  . .  . . .  ' . m.r 

, ,  . .  

I 1 . , , '  . .  1 .  
.'nonlinear, in y 'and. linear in Fo . . .  

. .  

i ".,.- ' 

,. _ . . .  . .  . 
. I  

. .  
. .aii imn&tration: ' 

(5-5) 
! : : 

- i  

where M =  34 x 3 = 102 observations (two degrees of freedom are subtracted for the estimation 
of .me two. .. . paqqneters *, Fo and y ). This geometric standard deviation represents components of 
uncertainty associated with spatial variability (samplers in different locations) and temporal 

. varjability .(annual averages for different years). The assumptions underlying the regression treat 
the observations as if they include error distributions that are identical, and independent from 
1ocation.t.o location and from year to year. Table 5-2 shows the sampler locations, the ,observed 
annual average air concentrations.of .for 1992-1994, and the predictions based on the 
fitted model. Table 5-3 gives parameter estimates from the regression. 

~ ..The .regression estimates the exponent of the flux model in Equation (5-1) as 1 + p = 1 .44  

and the,reference flux as Fo = 3 . 6 2 ~ 1 0 ~  mg m-* s-'. The residual geometric standard deviation 
estimated by the regression (Equation 5-5) is GSD,,id = 3.03, which, for a lognormal distribution, 
corresponds to a 95th to 50th percentile ratio of 3.031.65 c- 6.2. Figure 5:1 .shows 'the predicted 

' .  '3%2% air .concentrations plotted against the observations for the S-series samplers at Rocky 
Flats. . .  

. .  

. .  . I  

.. -.- 

a 



Table 5-2. Sampling Locations with Predicted and Observed Plutonium 

Distance * Angle Observed 
Station (km) (“) Predicted 1992 1993 1994 

: :  S-03 0.996 321.0 1.764 x 1.590 x 1.230 x 7.030 x 
S-04 0.760 348.9 L; 

S-05 0.575 
S-06 0.356 
S-07 0.164 
S-08 0.159 
S-09 0.163 

.S-10 0.340 
s-11 0.713 
S-13 1.140 
S- 14 1.566 
S-16 1.265 
S-17 0.594 
S-18 0.154 
S-19 0.084 
s-20 0.392 
s-21 0.864 
s-22 1.167 
S-23 0.660 

357.2 
30.6 
77.7 

105.3 
140.2 
222.5 
243.9 
258.0 
265.4 
297.6 
274.7 
264.8 
311.6 
347.7 
20.8 
34.5 

225 .O 
S-24 1.636 46.7 
S-25 0.592 334.9 
s-3 1 3.816 264.2 
S-32 4.069 291.6 
s-33 4.749 314.3 
s-34 2.679 15.8 
s-35 3.171 47.8 
S-36 2.697 61.4 
s-37 2.361 85.8 

. S-38 2,496 108.4 

2.971 x 
3.418 x 
1.470 x 
2.144 x 
3.968 x 10” 
1.106 x lo” 
4.243 x 
1.837 x 
6.195 x 
7.598 x 
8.752 x 
2.225 x 
1.184 x 10“ 
1.971 x 
8.824 x 
2.377 x 
2.242 x l o 7  
1.587 x 
2.949 x l o 7  
2.563 x 
1.869 x 
2.736 x 
2.766 x 
3.757 x 
1.405 x 
8.688 x 
3.409 x 
4.262 x 

2.340 x l o 7  
9.930 x 
9.230 x 
7.170 x 
1.850 x 

2.690 x 
2.040 x io-’ 

2.430 x 
9.880 
3.070 x 
6.480 x l o 8  
3.150 x 

1.220 x 
6.360 x 
2.340 x 
2.380 x l o 7  
1.310 x 
1.340 x 

6.570 x 

2.775 x 
2.700 x 
1.670 x 
2.590 x 
2.700 x 
3.700 x 
4.030 x 
8.730 x 
6.070 x 

4.740 x l o 7  
1.320 x 10“ 
2.890 x 10“ 
6.020 x 
1.310 x lo-’ 
6.340 x 
1.820 x 
4.710 x 
1.550 x 

1.650 x 
4.550 x 

8.880 x lo=] 
7.770 x 
2.930 x 
3.080 x l o 7  

1.080 x 
7.950 x 
2.520 x 
2.480 x 
3.700 x 
5.550 x 
2.700 x 
4.700 x 
7.400 x l o 8  
5.100 x 

~ 9.770 x. 1 0-8 

5.300 x lo7 

1.390 x 

6.070 X 

2.500 x 
1.970 x 
7.252 x 10“ 

1.130 x 10” 
1.720 x l o 6  
2.810 x 
i.350 x 
4.920 x 
6.180 x lo8 
1.390 x 
5.910 x 
5.070 x l o 7  
2.890 x 
2.960 x lo7 
2.780 x l o 7  
6.290 x lo-’ 
5.250 x l o 8  

1.630 x l o 8  
3.700 x 
3.330 x 
1.850 x 
2.330 x 
2.890 x 
8.330 x 
7.400 x 

1.490 x 

1.210 x l o 6  

- - - - _- - - _ = -  _- -s-39----= ----_ 3.672 - 13915 -4~439 ~ - 1 0 ~  ~ --3.370 x lo-’ = 4.000 ~-1@- -=3.700-~ 10% =- - -_ 

S-40 4.515 149.1 2.756 x 2.530 x 4.000 x 3.700 x 
S-4 1 2.874 189.3 2.467 x 3.400 x 4.630 x 3.290 x 
S-42 4.019 230.6 1.220 x 6.180 x 1.390 x 1.370 x 10- 

237.5 1.100 x 3.590 x 3.700 x 4.510 x 10- s-43 4.839 - _  
- 

4 -  

-2.- 

.- 
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Figure 5-1. Model-predicted plutonium concentrations (Bq m-3) plotted against observations of 
uw2"opu at the Rocky Flats S-series samplers. The units for both axes are Bq m-3. The line is the 
locus of points for which the prediction equals the observed value. 

. '  

Table 5-3. Regression Parameter Estimates for Resuspension Flux 
Parameter Mean Standard deviation 

3.62 x 10" 
Exponent ( y + 1 , dimensionless) 1.44 0.588 
Reference flux ( F, , mg m-2 s-') 
Standard deviation of logarithmic residuals: 1.11 
Geometric shndard deviation: 3.03 
Degrees of freedom: 100 

2.92 x 10" 

2 - Correlation coefficient for y+l and Fo : 0.992 1 

_ -  
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Predictedobserved 

Figure 5-2. Cumulative probability plot of predicted-to-observed ratios from the regression on 
the sampler data. The points represent the empirical distribution function of the P/O ratios based 
on the logarithmic residuals. The dashed curve is the iognormal distribution with geometric mean 
1 .OO and geometric standard deviation 3.02 (the parameters were estimated from the empirical 
distribution). This lognormal distribution was used as the major component of an uncertainty 
factor for airborne 2 3 9 t 9 u  resuspended from the Rocky Flats site. 

~ - -- The regression summarized in Table 5-3 does not provide-detailed i-dormationpn the joint ~ ~~ 

uncertainty distribution of Fo and y, or more to the point, the distribution of the estimated fl6 
239+240pu F = F0uZfY, from which air concentrations of resuspended dust and attached particles of 

can be estimated for locations other than those of the air samplers. If the regression were linear in 
both parameters, standard assumptions and theory would indicate a bivariate normal distribution 
for the pair, but the marginal (individual) distributions are likely skewed. An approach thal 
provides a quantitative estimate of the joint distribution is the bootstrap (Efron 1982; Efron and- 
Tibshirani 1998). A bootstrap procedure treats the  residuals of the standard regression as an- 
empirical prototype of the distribution of errors, and one calculates distributions of the parameters 
by repeated Monte Carlo sampling of this distribution, with replacement. 

Figure 5-3 is based on such a bootstrap estimation procedure, in which the residuals were 
resampled with replacement 1000 times. The result of a resampling is a randomly perturbed 
version of the prototype distribution of residuals. At each Monte Carlo realization, the perturbed 
residual distribution was used to calculate a corresponding set of “observations,” and a new pair 
of parameters ( Fo , y ) was determined from the least-squares method of Equation (5-4). This 

Risk Assessment Corporation 
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figure - which plots Fo against the exponent 1 + y - indicates that the two parameter estimates 
are highly correlated. Their relationship is represented by a cubic polynomial that was fitted to the 
data, although the fitted curve plays no role in our subsequent calculations. 

The empirical distribution of the resuspension flux F (Equation 5-1), which is calculated 
from the bootstrap data using the annual average value of the friction velocity u* , is shown in 

' Figure 5-4. For any location ( x ,  y ), the annual average air concentration of 23*2% is 
approximately proportional to this flux distribution: 

The function G, which is based on the spatially integrated Gaussian plume, is a function of 
position and height and the spatial distribution C,, of u9e2% in the soil. 

The distribution of x in Equation (5-6) corresponds to what might be interpreted as a 
theoretical long-term mean flux under steady-state conditions. But if we think of the location and 
year as being chosen at random, such a distribution does not'account for all components of 
uncertainty in the estimate of plutonium concentration at that location during that year. The 
missing component is supplied by the distribution of the residuals (Equation 5 - 9 ,  which 
represent the spatial and temporal variability of the air concentration. 

X ( X ,  y ,  Z) F G(x, Y ,  Z; CsO, (5-6) 

. . I '  . ' Exponent . .  , . . . I  . 
' . .> . ... .:__ , *  I . " ' I .  , 

. , .. .. .... . _  '. 

.. , . : \.. . . .  . . . .  

: .>figure &5-3.. Distribution . .  . .of. points (Exponent =. 1 + y , Fo ) from the bootstrap regression of 
.:.. ;predictedair concentration on the sampler data. The units of the reference flux F, are mg m s , 

.rand the exponent' l k y .  i s  dimensionless., The .fitted curve is the cubic polynomial 

-2 -1 

. .  

- I .  I . I  , . .  . . .  

_ .  . .  . ,  
.. . 

I . .  . ~ 

. .. . .  . . ,  . . .  . 

. . .  



5-1 1 

f ( 0 ) = c o  +clO+c2O2 + c 3 0 3 ,  with O = l + y  and coefficients c0 =5.688xlO-', 

' \  w \ 

Risk Assessment Corporation 
"Seftina the standard in environrnenta/ health" 



5-12 Radionuclide Soil Action Level Independent Review 
Task 5: Independent Calculation -. 

2 e-05 4 e-05 6 e-05 8 e-05 
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Figure 5-4. Empirical cumulative distribution function of estimated soil flux (solid curve) with 
fitted lognormal distribution (dashed curve). The parameters of the lognormal distribution are 
geometric mean: 5.31 x mg m-2 s-I, and geometric standard deviation: 1.16. The bootstrap 
median (5.38 x mg m-' s-I) has been used as the reference value. This parameter is 
interpreted as the ground-level flux and must be adjusted for the 1-m height. 

We now rewrite Equation (5-6) as 
~ ( x ,  Y ,  Z) = q f i * ~ ( x ,  .Y, z;Csoil) (5-8) 

where fi = 5 . 3 8 ~ 1 0 - ~  mg m-2 s-' is the median resuspension flux and q is the lognormal 
uncertainty factor just derived (GM = 1, GSD = 4). 

In statistics textbooks, the kind of prediction that we have outlined is discussed in the 
context of prediction of a value for a new member of the population represented by the regression 
data. For simple linear regression, the exact formula for the standard error as a function of the 
independent variable can be worked out explicitly (Snedecor and Cochran -1967, Section 5.12). 
For multiple linear regression, Kendall and Stuart (1967) discuss confidence intervals for the 
expected value of the dependent variable and for a new observation, given a specified value of the 
regressor vector (in this case, a particular sampling station and year). 

5.2.3 Adjusting the estimated flux' for activity distribution and sampler efficiency 

The flux estimate in the previous section (geometric mean 5.38 x mg m-* s-') is 
estimated as if the 23pe2% activity were uniformly distributed with respect to the mass of the soil 

,, ... 



less than 15 pm, the efficiency is 93%. 
To arrive at such a conclusion, one must make some assumption about the distribution of 

aerodynamic diameters of the particle population. Following guidance summarized in NCRP 
Report No. 129 (NCRP 1999) from primary sources, we assumerthat the distribution of particle 
aerodynamic diameters is lognormal with geometric mean between 2 pm and 6 pm and geometric 
standard deviation 5 (distribution with respect to mass is assumed for this specification; we use 4 
pm for these calculations). Larger components are sometimes seen, but ihese components are 
considered transitory and are usually associated with sqdy  soils. Accordingly, 
for this site. We assume further that the plutonium radioactivity is distributed 
surface areas of the particles. 

We have fitted an efficiency curve to data for high-volume samplers of the type used for 
monitoring at Rocky Flats (Figure 5-5). These data are discussed by Rope etal. (1997). Using this 

I 
i3 

\ 

q 
L I  

B 
8 Li 

Q 

where the physical particle diameter D (pm) is the variable of integration. The function E gives 
the sampler efficiency as a function of aerodynamic diameter f i D  ; the value p = 2.6 g cm-3 is 

1 
4 
1 
B 
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a reasonable generic (physical) . .  density for soil particles. . The lognormal probability density 
. ''function f; fias. physical ',geometric mean I GMk that :corresponds'$to. thei particle count. The 

,h'2'GSD).. , .  (Seinfeld '1986); . .  > .  ' where I : I  . GM;, . .  'is . 'the 'physical 
tibution with respect to k i s s  ;(or more' . accurately, , , . , .  volume). 

The geometric .standard deviation (GSD) is the same for both'.hist&utions. For particles in a 
of Equation (5-9) are replaced by the 

Xthe'aerodynamic range of -- = 

'upper&nit:'As noted. in 'the 
s considered.' (infinite 'upper 

ted to the aerodynamic 'range 0-1 5 p n ~  
the efficiency is E = 0.93: 

' The adjustment of our median flux estimate'for sampler effkikncy is 5.38 x 10-5 / 0.80' f 
6.72 x lO-':mg mY2's-1. Because of:therole this 'quiintity.plays, in the Gaussian model, however, it 

'. '-"should be interpreted as a flux at ground level, -rather than a flux at 1 m, which is a frequent 

... : : .  . > ' ,  , 

.:,;:, , .  

=. 
. - .  , : < . \ .  ;.. !. ' ,.:..:.. :_, . .  

. .  
1 . ' b I  . . . ?  

. .  . .  I .  . . .  ".reference height for .experimental measurements. . .  . 
' , .  , . .  .. . I .  

. . .  . .  . 
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I, Figure 5-5. Sampler-efficiency.curve fitted to.data discussed byRope et al. (1999); Some of the 
. .  

, : , : a  1 . .  ;:; ' '  

. . .  . . .  . . . . .  . . .  . .  . . . .  . . ,  
. We represent ground level; with the roughness h 

. . ' I .  I # 

.. ,> .. , 
I.. .. ." . . .  

. . . . .  ' . (&O) .. ,, . >  , x(z>=x(l)-zP.. .. ' :  , . 'I . . . . . . . . . .  . . .  . .  

Also, the flux,F at any .height is proportional to the m&s concentration . . .  at ._.- that-height: . .  

(Anspaugh et al. 1975); the number 0.4 is .the- von ~Wm&q.constant,...ind .i* .is the .friction 
velocity, which m y  be considered essentially independencof height. Equations (5-10) and (5-1 1) 
can be combined to.derive an equation for .the flux at 1-m height in terms of the ground-level 
value at a: 

. . .  
< I '  :,.. F ( z )  = -0.4pu*x.(z) .r ' : ,:.- . . . . . . . .  : (5-11) 

. .  

F(1) = F(zo ) z i p  . (5-12) 
. .  - .  . 

. I  

.. 
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To use these equations to calculate the adjusted flux, it is first necessary to estimate the 

- >  . *  
of the site, ‘the bare :soil would l&ely be 

ave estimated for thepncut grass cover that 
grows on most of the site. Ho uspension factors‘span several orders Qf 
magnitude, and we have seen no information that credibly narrows this large uncertainty. 

As we noted in Section 5.1, one of the data sets discussed by Anspaugh et al. (1975) predicts 
a resuspension flux (6.0 x mg m-2 s-’) for sparsely vegetated soil that exceeds our estimate 
for Rocky Flats with its uncut grass (2.76 x lo-’ mg m-2 s-’) by a factor of more than 200. Other 
literature indicates both comparable and substantially larger fluxes. 

Sehmel(l984) reviewed resuspension factors and tabulated the results of numerous studies. 

factors based on measurements at Rocky Flats in 1970 and early 197 is was a time when 
much of the soil around the recently paved 903 pad may have b k n  in a disturbed condition, 
although possibly not the best surrogate for a burned area. However, this range includes nearly all 
resuspension factors and ranges in Table 12-7 of Sehmel(1984). Iqparticular, it includes a range 
labeled “Sandy soil with charred debris” fo -m2 source for wind speed less than 5 m ~-1% - 

Provisionally, we use this range of 10”) to 1 for resuspension fadtors for estimating a flux- 
distribution. For total soil fluxes (assuming an hfinite-extent ulniform- source of available soil 
particles 1 mm thick), this range translates injo a range of 3.3 x lo-’ mg m-2 s-’ to 0.33 mg m-2 
s-’ . 

mg m-2 s-’), which we associate with bare 
soil, is about 120 times the median regression-based flux (2.76 x mg m-2 s-’) corresponding 
to the existing ground cover and within a factor of two of the estimate for the Nevada Test-Site 
(6.0 x 

> L  

If a fye should remove vegetation 
higher resuspension fl 

- 
- -  A report of-Sehmel and OGTll (1973) presented a range of;lO-’ to 1 my’ for resuspension- - - .  

The logarithmic mjdpoint of this range (3.3 x 

mg rn:’ s-’) based on parameters from Anspaugh et al. (1975). 
The foregoing conversion of resuspension fac!ors to total fluxes made use of the equation 
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<.. . .  

(Anspaugh et  al. 1975);where R is the resuspension 
0.211 m s-I, an annual, average val 

. . values in Equation (5-14)'gives the 
'particles (which we assumed to be a layer 1.- thick) is 1 

&-.2 x 1.3 x 109  &g m-3 = 3.3 x 10-3 mg m-2'sy': . ' 

'a+kned td be '&, = 1:3'X 10' mg 

, assumed hickness of the layer of . . . . .  soil'available for re 
" ' 

u$jng thk . .  logiiijthkic'flux ..., .. miiipoiht 3:3 x 1 
,. ,atmospheric' tr&spo,rt .model, we'estimated a 
i..m:3 . at'the ,..: p r i k  location of the Residen-R . .  

(1.3 g C m 3 ) .  ThUSF = RVPb"='2.%k '10-9'S1' X:io- 3 '  m 3 
r .  . _ .  

otiily'!se&ti& . t@.he  ' . 
.*',!: ..,,:.. . . . . . . . . . .  . . . . . .  . 

i.: I - ,I . 

estimate' ' .  exc&S I ' , _ .  thii , , S . )  inediii - . .  value 'forA g&S Cove 
w,e iricr&ed the ieo&et& Lei  i 
io 6 mcm i&j, 

I ,.'$ ' . , : ' . : : r .  

'. &qicie size &s&ibution; we . ,,, estimate ,- .  , j .  I .  that , 98% to 99% 
, ' with particles'of aerodynamic diameter less . . . .  than' 15 & . . < ,  : I 

. . . . . .  ... _.. . . t : ; s .  . . .  . . _  
for ikspiraiie p+i&is. 

distribution with geometric standard deviation 16 (tw.0 orders of magnitude between the 50th and 
95th percentiles). This is consistentwith the range of m o s t  of.the kbulation given in Table 12-7 
of Sehmel(l984). The fifth percentile is.about twice the median value for grass.cover, which we 

' have'taken as the median'of a lognormal distribution with geomethc stbdaia deviati.011'4, derived 
previously: Thus, there is some overlap of the two 90%:probability, intervals. . . .  '(Figure . . . .  '5-6). 

We have used the concentration 544 x 

. . . . . _ . .  . 
. . , .  

. . . . . . .  ..- . . . .  . '  . .  . .  

. . . . . . . . . . . . .  
0- 1 

k 
m" - 0.1, 
L .- a - L. .- E o.ol{ , . , , 17, 
.- c E c. 
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. . .  
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0 
0 
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.g .0.001 

(u nnnni 

i' . - 
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c 

E 10-6 1 
Grass cover ' Unvegetated ' - 

(Fire Scenario) 
Figure 5-6. Predicted concentration of in air at Rocky Flats for uncut grass and 
unvegetated soil in the wake of a hypothetical fire. The location is 300 m east of the center of the 
903 pad. The percentiles of the uncertainty distributions are indicated in shaded type. The 
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distributions are lopormal, with geometric means (50th percentiles)- as, shown and geometric 

:+> , , . , 

concentrations nd to the flux e 

ation at ,the principal loc 

DOE recreational user 

5.5 Probabilistic Incorporation of Future Fires i 

A wildfire on the Rocky Flats site is not necessarily a natur 
unintentionally or deliberately set by people), but it is an event that is beyond ordinary control. 
We do not consider wildfire occurring on the site as part of a scenario definition. Rather, it is part 
of the exogenous environment that should be treated probabilistically, just as 
such as resuspension and radionuclide concentrations in air. With ,the 1000-yeq teqporal scope 

flux parameters derived in Sections 5.3 and 5.4 is not negligible. 
method of estimating RSALs for a scenario, with 
the site. 

5.5.1 Fundamental formulas 1 ‘I 

I - _ _  
of the assessment, the probability of occurrence-of onehor more _wild 

- 

abilistic .consideration of future wildfire at 

. . 1’ 

Fire statistics for this century in the kapaho and Roosevelt National Forests (1.3 million 
acres, 5.3 x lo9 m2) and the Pawnee National Grasslands (193, 
available from the Fort Collins Interagency Wildfire Di 
http://www.fs.fed.us/outemet/amf/welcome.html). Fire events’within these Noflhern Front Range 
regions that have burned 100 acres (4.05 x lo5 m2) or more +e summarized in Table 5-5 (we will 
use the term “large fire” to mean a fire of at least this magni‘tude). We use these statistics as a 
basis for simulating wildfire events at the Rocky Flats’site within the 1000-year 
the assessment. 

1 ,  
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. ' We choose a' discrete probabilistic -model of -fire .occurrence, with ,each of . . . .  the IO00 years 

assume that the value 0f.p is the same.for d l  years. (The'laker:assumption;ofcourse, does not 

' .  a; ' 
. eligible for either the occurrence or non-occurrence of a fire (a5r-e event). Fire'events-in different 
years are assumed stochastically independent. Multiple fires in the same year are not considered. 
We assign a parameter p as the probability that one fire' will occur in any specified year, and we . 

take into account long-term fluctuations of precipitation and drought that might be expected in a 

' fire setting.) . 

I 

I " 

i 

! 
millennium, nor changes .in human incursion' that would affect rates . . .  ,of accidental or 'deliberate I . . .  . ' a i  . .  '.: . . . . . . . . .  _ _ .  . . .  1 . . .  . t , i r ;  . .  . i d .  _' . +. .  . .  . .  ., . . 

. . .  ' ' Using the bata'in Table 5-5, we can'estihte a value for-p. Application of this value'to the . ' 

' 1  ... . ..... . .  ... . . . . . . . . . . . . . .  
I .  . . . . . . . . .  . . .  . . . . . . . . . .  . ' , . ( . !  (:;<' 1.. 

'1000-yea;. period 'is obviously an extrapolation,' sixice .the data. &e confineii'to 'the . .  'Twentieth . .  
r 

. .  
.I . .  ,; 

'' 'Cenmry. 
. I  Thearea of the ranch &sumed for the RAC.Rancher.scenario is ' l  x 107'm2;~and we'tdce:this 

rectangular region a3 the domain of the fire.' 1ts.exterit.includes the,contours of highest plutonium 

bounded-on the east by:Indi&a Street, on the noith p&ly by an .inner.securityifence just'south,of 
Highway 128, on the south,tiythe site boundary, and on the west by a north-south line just west 

. 

I 
concentration in the soil, and it is the location of primary concern for such a fire, The ranch is . . . . .  

of the 903 pad. The southwest and northeast comer coordinates ha t  define the 
taken & (483.20,&13.12) and (485.96,4417.23) km UTM, respectively. . 

: i  
. . 

I 
. I  

I 

. .  
9 ;' . . .  -. .... 

Table 5-5 indicates that from 1900 through 1998, there were 54 large fires in the.Arapaho 
and Roosevelt National Forests and the Pawnee National Gras'slands (total :area 6.1 .X ;lo9 -m2). 
However, the large gap from 1900 to 1924, in contrast to shorter. gaps after 1932,jsuggests that . . 

the earlier record may be lacking unreported fires. It is also possible that the frequency of fires 
has increased as more people have gained access to these parklands. A large fraction of the fires 
are attributed to human causes, and we consider the period from 1924"through 1999 more 
appropriate as a temporal scope for computations with the fire statistics. Taking the Arapaho and 
Roosevelt National Forests and the Pawnee National Grasslands as our .calibration .domain, we 

I 

' , .  .e1 
' i  
.I 

. ' I  

.,.,.. , 
. %  . ' .  estimate the annual fire frequency as . . I  

. . .  54 I75 = 0.72.; .. (5-15) 
which can be interpreted as an estimate of the.probability that a large fire will occur~somewhere 
in these parklands in any specified year, assuming that these 'statistics would. be .representative of 

' . I ..,. .' 1 I ,-.. conditions affecting'fires during the year in question. . '  .. - 
Given the occurrence of a large fire in the parkland domain, the probability that it, will be . '  I 

. .  
located in a specified.subregion.R is the area of R divided by the total area of the domainl(6.1 x 
lo9 m'). The product of this probability and the frequency 0.72 (Equation 5-15) is the probability 
of the occurrence of a fire in R in any specified year. If we assume that the same areal rate can be 
applied to the land of the RAC Rancher, then we may estimate the probability p & :. 

i 
i' 

. .  
I. . . , 

P =  1x10~  m2 ~ 0 . 7 2 = 1 , 2 ~ 1 0 - ~  . . 
6.1~10' m2 

(5-16) 

This is a little more than one fire per thousand years on the rancher's land. We note that there 

park's area and large-fire frequency are substituted in Equation (5-16), the probability esdmate is 
2.3 x about twice the value in Equation (5-16). The Pawnee National Grasslands might be 
considered a better surrogate for the Rocky Flats site than would the Arapaho and Roosevelt 
National Forests, but the small number of observations gives a poorer representation of the 
probability distribution of burn areas than the combined grasslands and forests. We adopted the 

\ 

were 7 large fires in the Pawnee National Grasslands, and all were recorded dter 1960. If that i 
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.larger:annual dose. Which of ,.the' exposed subj&ts ..would receive the haiimum knual  aose 
depends on the date, nature, aiid location .of the':fire:.In the next: subsection, we formulate a 
simulation method that considers the probability of fire and its effect on the subject's exposure to 
radionuclides in the soil. ' ' . ' 

5.5.2 Simulation of plutonium .exposure that includes the possibility..of fire 

. 1. . . ..:,. , .  . . .: 
. . , ;-. . ;.- *.l.. . . ' , .  . .  . .  .. . .  .. . j' . .  . 

. .  . .  
The worst-case conditions for a wildfire affecting the RAC Rancher scenarios'(assuming that 

the subject escapes from the' site at the time of the 'fie &d does not breathe contaniinated smoke) 
would include the following: (1) The fire would occur the earliest year considered (nominally 
2000). (2) The' fEe would devegetate the entire rhch  . .  'lahd of the'€& Rancher-scenarios. (3) 
Regrowth ofthelvegetative cover would'require a ye? ormore. If the scenario subject is assumed 
to return 'to. the .ranch immediately after the fire?;these conditions'.would give. the' maximum 
exposure, 'which would occur during the year of theV'su6ject's ten&cy on the b&e 
probability 'that 911 three conditions will coexist is .s&ll, .and a more' realistic treAment requires 

The smallest fire considered (burn area of 4.05ix los m2 or 100 acres) would devegetate only 
about 4% of the rancher's'land. Such a b&e subplot'could be located 1-2 km from the parts of the 
ranch where the residents spend most of their time, possibly in a direction that is not'ohen upwind 
from the residents, and possibly where plutonium concentrations in soil are relatively low. In 
addition, the fiie could occur several centuries 'into the future, leaving time for weathering 
processes to have removed a significant fraction.of the plutonium from the surface layer of the 
ranch soil, thus making less plutonium available for resuspension. Such mitigating.factors need to 
be considered, at least approximately, in simulations that consider the possible role of a fire in 
exposing the subjects to plutonium from the soil. Even if a fire is assumed to occur sometime in 
the future (or even in the first year considered), if mitigation is taken into account; the fire may 
not produce an annual dose exceeding the annual dose that a subject exposed to the unburned site 
during 2000 would receive. 

The purpose of the simulation scheme outlined below is to extend the existing scenarios to 
include a probabilistic consideration of a fire on the.land associated with the RAC Rancher 
scenario, where most of the plutonium in soil is located. First, we describe the parameters and 
random variables in the simulation. 

The fundamental parameter is the probability p that 'a fire will occur in any specikied year. In 
Section 5.5.1, we adopted a distribution with median value p = 1.7 x loy3. 

The objective of the simulation is the ratio '@ of. the resuspension flux rF.of soil from a 
burned region and the resuspension flux r G  with the contemporary (year-2000) grass 'cover: 

The baseline value of & is a,,, the approximate worst-case ratio given in Sections 5.3 and 5.4. 
The first modifying factor is the reduction of the fire resuspension flux to account for 

weathering of the soil. This factor is exp(- a(m --1)), where a (yew-') is the weathering rate 
and m is the year in which the fire occurs (m = 1 corresponds to 2000). We describe the Monte 
Carlo estimation of M below. 

The second modifying' factor, fB , is related to the mndomly determined size and location of 
the fire. It is proportional to the air concentration of plutonium at the scenario subject's principal 
location resulting from resuspension of soil within the bum region. The proportionality constant 

i . < q b  .; .. . I ..- . ! explicit consideration of their.possible &tigation. - : . .  

Q, = r, 1 'G . ."' (5-17) 

. -  

a' 

. .  . .  
i 

. . :  
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is chosen so that the highest concentration (Le., the worst case) corresponds tofB = 1. For a 
simulated fire, the bum region is assumed circular, with area determined by sampling of bum 
areas from Table 5-5 (all areas have equal probability of being chosen) and dividing that area by 
the area of the fire domain (equal to the area of the ranch). The center of the circular region is 
constrained to lie inside the fire domain, but part of the bum region may lie outside. The 
resuspension flux is proportional to the average plutonium concentration in the soil within the 
burn region. The concentration of airborne plutonium at the receptor location is estimated with a 
Gaussian plume model for a circular area source, considering average wind speeds for stability 
class D and 16 wind-directional frequencies. 

The final modifying factor g represents mitigation due to the recovery time of the vegetation. 
We assume that this recovery time is between 6 months and one year and represent it as a 
uniformly distributed random variable determined by the extreme values 0.5 and 1. In periods of 
extreme drought, longer recovery periods might be possible, but for the maximum annual dose 
criterion prescribed for this project, they would not be relevant. 

Here is how the simulation proceeds: 

(1)Set flux ratio Q, t 1 and the fire year m t m* t 1 (m* will keep track of the year in 
which the maximum flux ratio occurs). 

(2)Sample a number u from the uniform distribution on [0, 13. If u I p ,  we have a fire in 
year m, so go on to step (3). Otherwise, go to step (4). 

(3)GeneratefB and g independently as described above. Set p t QP,fBg exp(-a(m - 1)) . If 
q > @ , s e t Q , t p  a n d m * t m .  

(4)If m e 1000, m t m + 1 and return to step (2). 
(5)0therwise, make the adjustment t @ exp(a(rn * -1)) and exit. [This adjustment is 

carried out because RESRAD will calculate the weathering loss of plutonium from the 
surface soil. If we left the exponential factor in place, the effect of weathering would be 
counted twice in the RSALs.] 

The effect of this sequence is to find the maximum value of 0 over all fires that occur within 
- ~ - ~ 

~ the 1000-year period, If at the end the flux ratio @ = 1, we conclude that either no fire occurs or 
~ ~ 

else the fires that do occur have resuspension fluxes that do not exceed tlie year-2000 flux with- 
normal vegetation. 

The above sequence is embedded in a larger Monte Carlo process that invokes =RAD 
with different sets of parameters and collects the results as empirical distributions. When Q, is 
generated (1 I I a,,), we use it to multiply the geometric mean of the plutonium air 

-~ = ~ - 

- 

concentration corresponding to the year-2000 grass cover on the site. If Q, = 1 (no “significant” 
fire), there is no change in the geometric mean, and the uncertainty factor (geometric standard 
deviation) for ordinary grass cover is used (Sections 5.1 through 5.2). If Q, > 1 (a “significant” 
fire), multiplication by Q, increases the geometric mean of the air concentration to correspond to 
resuspension from unvegetated soil, and the geometric standard deviation for the fire 
resuspension flux is used (Sections 5.3 and 5.4). 

Application of the fire to scenarios other than the RAC Rancher is straightforward, except 
that the same fire domain is used, even though the scenario subject’s primary location may be 

, 

outside of the fire domain. 

Risk Assessment Corporation 
“Settinu the standard in environmental health” 
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6.1 Uranium Mass Loading 
1 ,  .. . , 

8 .  

To address the resuspension pathway from uranium-contaminated areas, we applied the mass 
loading factor approach used in RESRAD. As stated in the previous paragraph, we could not use 
the calibrated air model used for plutonium for uranium. The mass loading factor relies on‘dust 

1996). The air concentration from resuspension was estimated using 
, loading measurements and was the approach DOE used to calculate RSALs (DOEYEPNCDPHE 

. where 
c, = 
ML = 
c, = 

The air concentration was further modified by an area factor that accounted for dilution of 
the airborne mass from uncontaminated dust that entered the’airstream upwind from the source. 
The area factor approaches 1.0 for very large areas. The original RSALs (DOEXiPNCDPHE 
1996) were based on a mass loading factor of 26 pg m-3. Mass loading in the vicinity of Rocky 
Flats has been measured by the CDPHE, and Hodgin (1998) provided a review of these data for 
1995, 1996, and 1997. The annual average geometric mean (GM) total suspended particulates 
(TSPs) was 37 pg m-3 at the east end of the Industrial Area and 27 pg m-3 in the interior of the 
east Buffer Zone. Geometric mean TSP concentrations around the perimeter of the RFp ranged 

airborne concentration from resuspension 
mass loading factor (g m-3) 
surface soil concentration (Ci g-’). 

Risk Assessment Corporation 
“Settina the standard in environmental health” I 
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-' $e masiloading factor and recdculated the total dose at the time of the fire.'The dose at the:time 
fire was then codpared with the m u m  dose calculated by RESRAD and the larger of 

e two wGsselectd:'We r& this'procedure for the rancher's child scenario and found that in all 
'the &im& dose calculated by RESRAD was higher than the dose-at the time of the fire. 
everal' 'factors impacted this outcome. First, inhalation doses only accounted 'for a few 

tenths of a percent of the total dose. Second, the fire occurred sometime in'the future and not at 
the year 2000. This delay allowed much of the uranium to leach below the soil surface where it 
was a unavailable for resuspension. Third, unlike plutonium, the groundwater pathway was 
significant for uranium (see Figure 6-2). We concluded that incorporating a fire into the uranium 
calculations made no difference in the overall results. As shown in Section 11, including the 

, groundwater pathway in the scenario played a greater importance for the uranium calculations. 
.. z L .%, - 

. I  

. . . :  . .  . . .,0.7 7 . .. . .  ' . .  -. i . _, . . .. 
, . :; ..,::, , ' - ' .' . . I " ' 
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'Figure 6-2. Fraction of the total dose at the time of maximum dose for different pathways of 
exposde & a function of the 238U RSAL with the groundwater pathway turned on. The sum-of- 
ratios calculation is incorporated into the =*U RSAL. Note that ground exposure is important at 
RSAC values >60' pCi g-'. At RSAL values c60 pCi g-I, groundwaterdependent pathways 
dominate. Groundwater- becomes an insignificant pathway when the transit time through the 
unsaturated zone exceeds the 1000-year time of compliance. 
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6.3 Sum-of-Ratios for Uranium 

As was done with the plutonium isotopes, we also performed a sum-of-ratios calculation for 
the uranium isotopes. The sum-of-ratios calculation required that we know the relative abundance 
of each’ isotope in the soil. Isotopic ratios were based on data in Litaor (1995) in his examination 
of Disposal Pits 1-4, 8, 9, 11, and 12. We were concerned with three isotopes of uranium; 

and ?J. Uranium-238 and 234U were assumed to have the same activity-that is, they had 
an isotopic ratio of 1. Isotopic ratios for 235U (u8U/235U) were assigned a log triangular 
distribution having a minimum of 6.2, a most likely value of 25, and a maximum value of 92. 

We kept the sum-of-ratios calculation for uranium separate from that of plutonium. It was 
not possible to combine to two for a generic site because uranium contamination is localized and 
not widespread as plutonium is. We would have to apply a sum-of-ratios calculation case-by-case 
after the activity levels for each isotope were determined. 

Risk Assessment Corporation 
“Settino the standard in environmental health” 



ffusion model: in which all soil concentrations:within a specified contour, can be given the value 

ed conditions than 

een carried out as qdicated b ues. When we reach a contour concentration that 

choose as the RSAL the contour value for which the limiting annual dose is’approximately the 
90th percentile of the dose distribution, in accordance the principle that the probability of 

ate method, which we describe below by means of an example, is somewhat more 
pproximation methods we have applied to generate the 

generating the full range of RSALs for all scenarios and variants. However, because it is more 
explicit, it is useful as a check on the sum-of-ratios method. A careful scrutiny of it may help to 

at exist at the Rocky Flats site. 

7.2 Modification of the Fire Model 
~ _ .  - 

This calculati dification-&the fire model to enable it to account for the-- - =- 

tiuncated concentration within .the maximum contour for those cases when the burn region 
the contour region. It was necessary to make use of absolute rather than relative soil 
ions; and the estimated fireho-fire flux ratio is of a different form. In the remainder of 

section, we give some details of the modified fire model. 
<The.modification applies to the material of Section 5.5.2. We still estimate the flux ratio @ 

. of Equation (5:17), and we calculate the air concentration due to resuspension from the randomly 
.generated circular ‘burn region with a circular aiea-source Gaussian plume model, but now we 
take ‘into account the truncation within the burn region if that region intersects the maximum 
contour. The total fluxifrom the circular region is ro = r2000 + Ar , where rzooo is the baseline soil 
flux with normal vegetation, and Ar is the incremental flux due to the devegetation. We denote 
the unmodified air concentration by C ,  , the concentration component per unit flux from the burn 
region by x ‘(calculated by the circular area-source Gaussian plume model), and the modified air 

at the time of the fire by C,* . Then we may write 

Risk Assessment Corporation 
“Settino the standard in environmental health” 
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~~~ 

5 : .  . 
_ I .  . . , 

I . .  i . I. . 
,. . ., '. , '2 ..-$ 

. .  . . . . , .  . ,  
I .  _ .  . .. ._ - i i * . .  

C(: = g (C, + x .  Ar)exp(-at) = C,'g (1 + x .  Ar / C ,  )exp(-at) ='C,<P . (7-1) 
' , ' where, as in .Section -53,lg.denotes mitigation due to.vegehtion regrowth, &d a is the first-order 

weathering coefficient for leaching of plutonium; t is.the number of years after 2000 that the fire 
: '-.'occ&s. -:The symbol -:a i.represents our estimate of .the .plutonium activity. flux',' ratio (the 

..; correspondhg quantity without-'the exponential factor .is..the:soil mass flux ratio). If @.> 1 ; .then 
- ., . Cz >.C,, k d  the fire is considered signific&t, ,which. me& that we use'the dose estiinate based 

. . . .. . .  
. .  

. .  

. .  

. .  

. .  

. .  

.. . . . .  

;-,; ,%'.. . .  _ .  , .  . .  
I .  r 

,We use .the criterion @ > 1' to indicate -the occurrence of a significant fire. If one occurs, c 
indicates the year.'The modified mass loading factor in RESRAD must be based on the soil flux 
ratio rather than-the plutonium flux ratio. Accordingly, when CP is ,used for this purpose, it must 
be multiplied b y  the factor exp(at) . 

4 ., V I  
% ,  

,' . r  L ~ .  7.3 Calculations with the Alternative Method 
li .- .. 

We have applied the contour truncation feature of the air transport and diffusion model to the 
RAC Rancher scenario, where the subject resides on-site. We begin with a high maximum contour 
value and work downward until the 15 mrem yea? dose limit occurs near the 90th percentile of 
the .maximum annual dose distribution. Table 7-1 shows the results as the maximum contour 
value is reduced. In each case, the subject is assumed to be situated within the maximum contour, 
on the eastwadiradial from the 903 pad, at the2point of maximum air concentration (this point is 

* determined experimentally by calculating air concentrations at intervals of 0.1 km). Note that the 
subject location moves eastward as the maximum contour .value decreases (and hence the 
remediation criterion gi-ows more stringent). Noteyhow the percentile at which 15 mrem ye& 

I occurs increases. :The- values in Table 7-1 are based on 200 Monte Carlo realizations per 
simulation. The uncertainty of the soil concentration is represented by a lognormal distribution 

--with geometric standard deviation (GSD) 2, corresponding to a 9W5Oth percentile ratio of 3, 
. which is approximately the generic guidance for,applying RESRAD. We mention this choice of 
. the GSD because the RSAL estimate is sensitive to this assumption. 

The last two lines of Table 7-1 place the 239+2% RSAL between 27 and 54 pCi g-'. Linear 
interpolation gives the value 38 pCi g-'..This result includes simulation of future fires within the 
fire domain as indicated in Section 7.2. To provide a sense of the importance of the fire 
simulation to the alternate method with this scenario, we repeated the calculation with the 

\ 

I 
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7-3 

model that might change its relative importance under different. algorithpic, arrangemen 

ncentration ratios that are calculated 
on,the Rocky Flats site. RESRAD- 

rough air-to-soil concentration ratios of 
?Pu, but-the:RSALs are independent of soil concentration. Also,> the receptor remains at a 

where the ,post-remediation air I concentration, i s  .maximum. .Howeyer, the simjlarity of results 
%between the alternate,calculation and the extended sum-of-ratios .method (38 vs. 35 pCi g-I) gives 

concentrations in the alternate calculation should be applied to the, result. If this, were done, we 

- - -  I 

1 concentration exceeds 

4000 108 0.4 7.72 x lo4 2.08 x 10" 51.5% 
2000- - 54 0.5 4.58 x lo4 1.24 x 10" 20.1 % 
1000 27 0.6 2.62 x lo4 7.07 x lo-' 3.4% 

a Concentration of plutonium in soil inside the maximum contour is assumed to be uniform and 
equal to the contour value. This concentration is assumed to be known within a factor of 3, and 
this uncertainty is represented by a lognormal distribution with geometric standard deviation 2. 

Distance corresponds to maximum air concentration. 
These probabilities are based on interpolated percentiles of empirical distributions from 50 

Monte Carlo realizations each. 
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. ' '.'A.calculation.with- the dtemate.method for 'a location just east.of Indiaha Street,'usig.the 
s h e  raricher -scenario and' the current-spatid .distribution .0f,23,?2% -in.:soil; indicated 'a. dose 

. distribution' with the 15 mrem year;' dose ,iimit .at approxidtely the.-99th' percentile. This-.result 
ihdicates'that no'remediation' would'be required to:ensure:with 99% probability ithat 'individuals; at 
this'3ocation would nof'exceed the 15 mrem yeai71Idoseilimit, provided :th'ey did not .spend .time 

. on the site.' Such a result .would be applicable ionly in' the. case. of a:. long-term institutional 

. .  . .  . .  . 
. .  

. .  
' sequestration bf'the'site: :*:::' : ' 1' 

: . . .  . , .  . .  .. I .  , .  . .  . , , . . .  . . _ ,  . 

. .  
. . : 7.4 .Implications ction Level 7 ' .>  .". . .. . 

... , 
*.. i I ' 

., . . 
, . , .  

s .  

' .  . . . , , . I  ;:::. \ ,> : . ,;,; :: -., . .  
. .  

. .  . ,. , 
. .  

, .  
. . .. ' -This .approach to calculating RSALs raises-ithe question'.of:exaciy !what is meant .by %such a 

'hazard index; A general unimbiguous -definitioii:is difficult to formulate '.for: a' conceptual model 
' ' '; with heterogene -concentiations' in:.environmental media.such 'as':onei.required .,by the Rocky 

Flats 'site. 'The .altemative.kalculation 'method.just4llustrated . .  points 'to -a 'definition' related. to a 
- ,rihediationt st rat^^^ of-creating a' uniform truncated coribentritiori within :a'.specified >:iyximum 
.. concentration contour' line. ,Given-thk 'strategy;'' one:&n 'define';the !soil ;action .level :as -.the 

, . . . maximumcontour concentration 'that. produces. 14-mrem year~f-;dose,'limit for :the .scenario;being 

.<_I. .... ! 

' '  considered (or. rather'. that' produces :a  dose &st 

,. :... . .But one'can' imagine';Situations in which the,'dose ,liikt might'.be'. met I by -local remediation 
:: that would not reduce :thei global maximum .concentration. In 'such' a case;r.one would have; to 

.modify the definition t o  suit the site and the remediation.Strategy. For examp1e;on a site ..with two' 
"high-d@ihide maximum locations separated by some distance, it inight .be possible to meet the 
dose limit criterion:for.Some.exposure scenarios by reducing contamination near the lesser of the 
hot spots and leavingthe other intact. Such a strategy :would succeed without reducing.the global 
maximum and would :require a :different definition of a:soilr action level: .This example.illustrates 
that a definition of the concept depends'on the proposed dose reduction strategy. A weakness of 
the, extended. sum-of-ratios 'method we have: d e d  .in thi3:report is, the culty .of inferring a 

: Because of ambiguities such as the .one just illustrated, we have expressed reservations about 
the use of soil action levels and have suggested that less emphasis be placed on them::Calculation 
of the distribution of maximum annual dose (or any.other.criterion) for each of a sequence of 
remediation steps gives a constructive picture .of the relationship between soil concentration 
levels and the goal to be met; Such calcu1ation.s .%e. well within ,he state ofi.he art,_uid-they. need 
not .be prohibitively expensive. We would recommend that they be tailored to thersite under 

ion .having :-this-.' 
. .  . " .  . ,;, - $<,.:< I. , . .  -.: , : :; . : : . . a  percentile).. ;. J .  ' .  ' ' ' . .  '. .; ' _. I ,, . .. 

. .  . 

. - 6  

,. . r. ' ..:. i: ,.. . . . .  remediation -strategy'that cofiesponds, to the result!* ..: : ' ': :;.! ! * .  . . . .  

study, just as we have made these calculations specific to the Rocky Flatssite. 
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8. THE ROLE OF RESRAD 

te encounters difficulties 
soil on the site. Using 

timated air-to-soil 
ion, at the same location) that 

another. It reasonable to apply 
s loading factor that is 

he areafactor that RESRAD 
ntaminated dust from 

del of spatial distribution of 
! a  

that we have carried 
capabilities was available e written in PERL. The script 

dly, using input files 
the-output, and stores &T ersion of RESRAD 

spatial distribution o 
es this large variation i 

f;, 

ppropriate to the receptor 1 

&ea factor is based on 

s the control cycle 
r’each scenario. A 

RESRpiD embodies its own approach to resuspension. The’ approach is generically 
defenkble for the models described by Yu et al. (1997), but it needs to be adapted for‘application 

‘Po the Rocky’ Flats site. RESRAD estimates the air concentration of radioactivity C, (Bq m-3) as 
(dimensionless), and the 

sample script ik shown in Appendix A. ’ J . . I  

* ’the product of a mass loading faitor ML (kg m-’), 
concentration C, of activity in surface soil ( t 

(8-1) 

o-ading factor - may be estim;ited ’as. the? steady state mass concentration of 

and uniformly contaminated, then the2air concentration is’given by the product C, - M L 9  in 
*Equation (8-1), so that AF = 1. Otherwise, the area factor is )intended to adjust for the effect of 
dilution of the air concentration by uncontaminated soil particles that are transported from beyond 

‘ ’ the contaminated source region. It could be argued that*other factors, such as variation of. particle 
size distribution between the soil and the reference height, so influence the area factor, 
but we accept the RESRAD interpretation for this discussion. a 

particles. E the s6uFceGG f =the re<u>@nded paiticles is-effectively -infinite ~ - -- 

I i 

.- r .  

I 

z +, 

!I 
0 
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/,( ':.; . ; ' j . .  . . .  

'., :Figure,:.8-1. Schematic :illustration of ,a  scenario. simulation . usin 
=RAD coqputatiqnal mqdule. Prior caldulations .With &e! progr- 

, (mass loading factor times area factor) appropriate to the scene0 and t 
plutonium in .. the soil. Resulting, Monte Carlo .radionucgde: , .. soil. act 
collected in an empirical distribution file for postprocessjng. Dag for.pl 
',the RSALs and a grid of soil concentration values for ?*%. For e 
,calculated isotopic ratios are used to give a ,  pFopo&ional .set of cofiqentrations, qf ,e .the 
radionuclides. This set ,of radionuclide concentrations i s  combined with .s,ampleq from the ,RSAL 
empirical distribution file (Equation 8-3), yielding an empirical . <  . distribution ... . 'of, su,ms-&-rakos. 
The fraction of these sums-of-ratios that ,are greater @an 1. is' the I estimate.',of 2 ,  . . .  , ,$e..,p 
exceeding the dose limit, given the "*2% soil concentration. 

To understand the meaning of a RESRAD area factor for resuspension, one must consider a 
balanced process of suspension and deposition of uniformly contaminated soil that,occurs upwind 
from a receptor location where we are interested in the air-concentration. If the upwind fetch is 
infinite, we would anticipate a larger air concentration of radioactiyity at &e receptor point than 
would. occur if the contaminated region were fmite (which i s  phat we are assu-g in 
applications of RESRAD). ,The strategy in RESRAD is to estimate an air concentration Bat 
would correspond to an infiiite region and adjust it by a factor that. represents .the. raeo of 
concentration due to the finite area divided by the concentration due to an infinite fetch., Of 
course, a value equal to this ratio must be derived in a roundabout way, because the numerator of 
the ratio is the very concentration that one is trying to calculate. This ratio is called the area 
factor (AF) for resuspension. 

The developers of RESRAD have derived an area factor that considers vertical and 
crosswind diffusion as represented by a Gaussian plume model, with gravitational settling 
estimated by Stokes's law (using a tilted plume to account for depletion) and wet deposition using 
a scavenging model. These models introduce additional parameters, such as the size distribution 
of aerodynamic diameters (1 to 30 pn is the size range considered in studying the variability of 0 
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.......- . , -  -- . . 

the area factor), particle density, rainfall rate, raindrop size, 
, coefficients CT and qz as functions of atmosgheric stability 
point source of the Gaussian plume is integrated over, the f i  
receptor is keptL ed ,at, the midpoint of the. downwi 
concentration for an infinite area is obtained by increping t$e 
until the receptor concentration converges to a maximum value. 

points in the parameter space. The.function is 

quantity that is calculated outside RESRAD. This quantity is calculated as the .ratio of the 
plutonium air concentration (Bq m-3) and the plutonium soil concentration :(Bq 
principal location of the scenario of interest. The air concentraton,of radi 
with the area-integrated Gaussian plume model, using the Rocky Flats soil 
The ratio may be thought of as an estimate of the product ML. w:of an 
and a generalized area factor that accounts for spatial variation,of so$ contamination 
region. The product. ML . AF represents an average over wi 
stability factors, whereas the interpretation of the RESRAD qu 

the source 

- - across the contami-nated fetch toward the receptor. 
The RESRAD area factor uR is also calculated ex 

inputting the value ML . AF / AFR for the mass loading parameter, we cause RESRAD to perform 
the calculation with mass loading factor ML and area factor equal to AF. The scripting program 
manages the calculation of the factor AFR and substitution into the input file. Thus, the results are 
independent of the RESRAD area factor AFR. In this way, we adapt RESRAD to function as a 
module in a system that considers the extreme variation of soil concentrations and air-to-soil 
concentration ratios of plutonium on the Rocky Flats site (Figure 8-1). 

We note that the approach of the RESRAD developers for the area factor of Version 5.82 
might be interpreted (approximately) as a special case of the more general scheme we have 
followed for the Rocky Flats site. For applications conforming to the more restricted model 
structure addressed by RES-, we believe the approach described by Chang et al. (1998) is 
theoretically sound. 

The Monte Carlo simulations shown in Figure 8-1 produce a file of RSALs for the 
plutonium, americium, and neptunium species of interest, one set of RSALs for each Monte Carlo 
realization (imagine a table with one row of RSALs for each realization and one column for each 

“Settino the standard in environmenfal hea/f/~” 
Risk Assessment Corporation 
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. .  

’‘.&ionuclide). In order to .plot -this information, we use a grid of values dof .qy2% ‘soil 
concentrations, one value for each.point to be plotted. For each’ &id value (soil coGcentratioii), we 
sa&ple the R S a  empirical file with replacement I000 times (each’”Samp1e’ would be .one line . 

-’ from the -imagin& table), and for each sample, we combine the individual nuclide’ RSALs ‘that 
” coriespond to the.23”?’~ value in a sum of ratios:. . ’ . ’ . 

s= .& 
. , RS& 

’! 
. .  

[ 
‘ I  

i .  
I .  . . .  

- ,  - . 
. i I .::. .... where the subscripts . .  

.,are the’isitope activity ratios relative to the 
point to the,differen 

. 

. .  have I ; : C ~ - ~ ~ ~ + ~  = concentration of nuclide i in.the so&The values,RSAL1,,l,., RSALN Fe the 
radionuclide soil action levels for a single Monte Cqlo .. . realization (Le., the values from a single 
line of the imaginary table). The proced,ye .generates a succession of random sums-of-ratios, 
,S(’), S.(2) , . e - ,  S(f) . .The .probability that the dose limit will be ,,exceeded, can, he e s t i p t e d  as the , . 

i: numben: of: sums-of-ratios -that .exceed. 1; divided by, the total. number.!B,::.(I-Towever; ‘we .have 
. generally used interpolated values of cumulative. probability .rather! than the,discrete ratio.) The 
;;:procedure --is ,repeated for each. .grid’ .value of the .,concentration CpU-239j240:. .The. : resulting 
. !probabilities are then plotted against .the concentrations. These curves represent the probability of 
.::exceeding the:dose limit as a function of 239+2% concentration in soil, and we~ua l ly~re fe r  to 

.-. ..;:Note that for americium, neptunium, and the shorter-lived plutonium isotopes, the ‘isotope 
activity .ratios r, , . . . , r, should be specific to the time when the maximum dose, would occur 
(Figure 3-1): ‘However, we have always used the ratios for the year. 2000, recognizing that, this 
represents a distortion for those Monte Carlo realizations that correspond to a. future fire event. 
The effect is likely to correspond to a higher dose estimate than would be the case for amevent 
many years after ,2000, when levels of the shorter-lived .nuclides (238Pu; 241Pu, 241Am) .are lower 
relative to the longer-lived plutonium isotopes (23gh, ‘“u, 242Pu).-.However, Z4’Am peaks in 
about 2032 (Figure 3-l), and until it returns to its 2000 level late in the 21st Century, the effect of 

’ using the isotope ratios for 2000 may slightly underestimate dose for fires &curring. within that 

’ 

.. !.. .: ’ , . .<. ’ , , them simply as probability curyes. ’ . . ’ . _  

. . .. period. We do not consider this a matter for serious concern. 2. . 

. .  

. . . .  

. .  . 
’. 

. .  
.. . . . .  



9. METHOD OF PROBABILITY PRESENTATION OF B A L  RESULTS 

In this study, RSALs are presented in the form of a probability figure for each of the 
scenarios. Each scenario figure displays the probability of exceeding the dose limit as a function 
of the radionuclide concentration in the soil (in picocuries per gram). Figure 9-1 illustrates a 
generic probability curve. Each probability level corresponds to a distinct concentration of 
2 3 * 2 ~ u  in soil. The probability value represents the probability of exceeding the dose limit; that 
is, at soil concentration A (picocuries per gram), there is a 5% chance that the person identified 
by the scenario will exceed the dose limit. Alternately, there is a 95% chance that the dose limit 
for the given soil concentration will NOT be exceeded. When we speak of probability levels 
throughout the report, we speak in terms of the probability of exceeding the dose limit. 

dose limit at RSAL=B 

. .  

*39+*40P u Concentration (pci g-1) -+ 
Figure 9-1. Generic distribution showing the relationship between probability of exceeding 

the dose limit as a function of plutonium Concentration. As the contaminant concentration in soil 
increases, so does the probability of exceeding the dose limit. 

Risk Assessment Corporation 
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10. .CONSIDE&iTIONS IN SELECTIN . .  

SOIL.ACTION L E n .  
. .  :r .,' 

. , . .  . .  . .  , . . _, -. . .  . .  , . .  . . .  . .  . , , ,  . 

consider additional aspects, ulti 

' '  action level c k  be sel 

Criteria that have been taken into account in G C ' s  analysis of RSALs are .. 
0 Identifying bounding scenarios 
0 

' 0  

0 The effect of time. 

The numerical precision of the RSAL+ value 
Probability of exceeding a dose limit 
Robustness of our analysis of the RSAL 

Criteria that have not been taken into account in RAC's analysis of RSALs 
Cost of cleanup 

0 Risks to the public during cledup 
0 Ecological effectlimpact of cleanup 
0 Risk as the basis for an RSAL 
0 Ambient plutonium levels in the environment 
0 Limits of detection of instrumentation 

Some of these criteria are social, political, and economic factors that are outside the scope of 
our scientific work, yet their impact on the RSAL could be significant. We discuss each of these 
considerations below, listing those that we took into account first. Then we examine those that 
may impact the selection of an RSAL but were not included in our guidance. 

10.1 Criteria That Have been Taken into Account in RAC's Analysis of RSALs 
b ,  

10.1.1 Identifying Bounding Scenarios 

Bounding scenarios are defined as exposure scenarios that describe probable lifestyles, 
behaviors, and land use that provide upper and lower limits on technically feasible RSALs. The 
bounding scenarios are developed in the RSAL analysis process as a means of (a) providing a 
plausible description of how individuals might use the land in the future, (b) allowing for the 

Risk Assessment Corporation 
"Setting the standard in environmental health" 



10-2 Radionuclide Soil Action Level Independent Review 
Task 5: Independent Calculation 

S I  . .  

uncertainty 'surrounding an ' unpredictable future, and (c) considering the protection of all 
'members of the public at a dose level not to exceed 15 inrem y-I. These bounding scenarios then 

, -provide a range of RSAL values from which to select the nominal value that best represents 
. . . .  protection of public'hea1.h. r .  . Inherent, in all of our calculations of probability of exceeding'the dose 
' .limit ,& a funcion of soil concentration is the impact of a prairie ,fire: This' . .  important 

, .  

. * .  . I . .  .* . .  
. . . . . . . . .  . .  . . .  , b  . .  . . . . .  . . . .  , .  

. .  'consideration \<, Is critical I in developing bouriding'scenarios. ! ' ' ' 

. .  
. . . .  

. . .  . . . .  . 
.1.2 .The Numerical Precision of the'RSAL Value " ,  ' , ' 

! . . I  
. .  . .  . . . . . _  < * t 

;, . . .  I . . ,. .. 
. . .  

' . adequately. .., . . . .  represent the precision of the calculation. Assigning no'more &in two significant 
I . dig@ appropriately conveys the level of uncertGnty associated with any methodology'designed to 

' ... derive.soi1 % . . .  action levels. Additionally, the RSAL should be rounded to the nearest multiple'of 5 
(e.g., 35 pCi gt' &stead of 33) when the RSAL'is less thah"100 and 'to 10 wberi'the RS& is 
&&iter than 100. 

I 10.1.3 .Probability of Exceeding a Dose Limit 

We . ' r ecobend . _  . 'that RSAL' values contain no' more than two significant digits, -which 
. . .  

' 

. .  . .  

. . .  . . . . . . .  . .  / , . . . : .  . '  

. .  

' . .  . . .  . :  . 
. .  . .  

Selecting a soil concentration from a probability figure, such as the one shown in Figure 9-1, 
necessarily implies selecting a probability level that conveys a degree of confidence that the soil 
concentration will not result in doses greater than the prescribed limit. Such a level will vary 
among individuals and reflect different social, political, economic, and scientific interests. RAC 
believes that a probability level of between 5% and 10% is reasonable for selecting a soil 
concentration to represent the RSAL. 

This probability level is based on a number of things. First, CERCLA, the statute that 
applies in this case, indicates that the RSAL is intended to assure protection of the reasonable 
maximum exposed individual. The following quotes are typical of EPA guidance on this subject. 

... actions at Superfund sites should be based on an estimate of the'reasonable 
maximum exposure (RME) expected to occur under both current and future land use 
conditions. The reasonable maximum exposure is defined here as the highest exposure 
that is reasonably expected to occur at the site.. . (EPA 1988). 

I 

1 

a, 
1 

.I 

I 

I 

1 

[ 
e 

l I 
I 
I 

i The high-end of the risk distribution is, conceptually, above the 90* percentile of 
the actual (either measured of estimated) distribution. The conceptual range is not 
meant to precisely define the limits of this descriptor, but should be used carefully by 
the assessor as a target range for characterizing "highend" risk. (Habicht 1992). 

Additionally, ninety-percent confidence intervals are prevalent in practical parameter 
estimation, and the de facto default for tests of hypothesis is 5%, as almost any statistics text will 
indicate by its examples. 

This considerable weight of evidence drew us to select the 5 to 10% level as an appropriate 
probability level. We recognize, however, that the probability level adopted by the RSALOP may 
be somewhat different and reflect other interests, values, and concerns. 

i 1 

!i 
1 

A 
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10-3 ..:.Task 5 :  Independent Calculation 

. .  
bustnFs. of Our Ana1ysis:of the .RS,AL:. . . . , . 

.. 8 : . .  . .  . .. . .  
: . . ." ,. , . I -. : 

.. :.- . '.i 

j The process of calculating RSALs is not . .  

. *  
' .  knowledge to make our calculations-know1 , :  

Because of inevitable changes and improvements in methods and data, some consideration should 
be given to developing an RSAL that is robust, or scientifically defensible with time and not 
likely to result in exceeding the 15 mrem y-' @get dose limit in the distant futu 
concept a n n o t  be accounted for, directly,, we believe that selec 

-provides,a reasonable margin for error (i.e., 5, to 10%) will he1 

1 

RAC evaluated the time at which the maximum doses occ 
cenario had been identified for the different .radionuclides (see 

imum doses occur at early times. It was found that.doses 
activity present in the surface soil compartment. Depletion of 
function of the water infiltration rate and the soil-water distribution coefficient 1. (Kd).  Plutonium 

, has a high value for Kd, which retards its movement from the surface soil and by the same token 
results in long transit times in the vadose zone. Consequently, during the time frame.of interest 
and based on our analysis, plutonium does not reach the aquifer, and exposure via the 
groundwater pathway is zero. In contrast, uranium has a relatively low value for Kd, which?results 
in higher leach rates and, therefore, more rapid depletion of uranium the surface soil. However, 
the dose that results from the groundwater pathway is smaller than from the surface soil 
pathways. 

10.2 Criteria That Have Not Been Taken into Account in RAC's Analysis of RSALs 

10.2.1 Cost of Cleanup 

The cost of cleanup was not considered in our selection of an RSAL. Weighing costs 

funding agencies in conjunction with the stakeholders, site management, and, most importZintly, 
those living near the site. 

10.2.2 Ecological Effecflmpact of Cleanup 

~ associated with achieving a soil action level- must be-carefully - .P =- considered - ~. ~ - -  _. by 

Any decision about a soil action level must take into account ecological impacts. A level that 
is too restrictive may severely affect the ecology of the site and may not be justified. This is a 
factor we did not consider in our analysis, but is important to consider in the future. 

10.2.3 Risks to the Public during Cleanup 

We have not considered the risks to the public from exposure to airborne and/or waterborne 
contaminants that may be possible during cleanup. It must be recognized that such risks may 
increase as the soil action level becomes more restrictive because more soil would be removed. 

Risk Assessment Corporation 
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The remediation techniques used and attention that is- given to limiting .releases to.. the 
.environment offsite duririg the remediation process must be considered. These risks have not been 

, .. 
. .  

. .  ' 'cbnsid&d ~ b,ir &,alp.& ." .. ':. ' I .  . ;. 
.. :, 

. .  .. .. . 
. I  

_. . .  ( & . *  , . . . .  . . .  
. .  

. -  ,I ' ' .' 
.' : $012.4 . W k  & the Basis for an RSAL 

. *  : .: 3 :  I . ; . ,  ' . .: I : ' , l  :: :: . . .  . 

we examined the'risk:associated with. the prescribed dose limit..assuining the 
h l y  from inhalation of plutonium (see Appendix E), we have not used risk as 

: .the basis for'cdculating an RSd.';I;he lifetime risk from plutonium exposure, assuming 70 years 
.. 

. .  
. .  

.' 

. . .  . ._ 

.. . . 

. .  

. >  
. .  . .  .of exposure at 15 mrem y-' was on the order of 5 x lo4, with a large uncertainty range from 

The risk associated with exposure for 30 years at i5,inrem y-' 'was 
. .  ".approxhately 2.3 X 10: with a range from 1 x This estimate was based on 

. : 'JL:.' . .:.. ' :It is even m o r e h s ~ c t i v e  to look at the range of iisk associated with the.possible exposures 
'discussed 'hi .this' repok At a minimum, a 'receptor in this ,analysis' would be exposed toIthe 

'. :. :'&urn expodre from h e  fire in'-One year (15 mrem y7') and have no exposure in. all other 
.., . ".:-years:.The maximum exposure would be 30 years at.the dose maiimum each year (15 prem y - I ) .  

ge'established'fohexposures such as these would be from 7.5 x lo4 to 2.3.x lO".-:It is 

... . : about 2 x lo-' to 15 x 
to 7 x 

. , . . )  . . .  
' . .I.T&e$t $&.in G&gan et al. (20$)). .. . I  

. . . .:;. I 

i T I ,  ~ . , _ .  :<: 

'!:,'>n;e, 
. . .  . . 
. .  elpkl to jindersthd the risks associated with the dose liinit. 

1 .- . .  
. .  . .  . , .  . :- 

. .  
. ..,L . - .  .. . 
. . . "'-10.215::Xmbient Plutonium Levels in the Environment 

.. ?.,.'. ." . . .  . 
. . _  ,. . . i  

. .  
i. . . ' ' '  . Plutonium 'in Colorado soil resulting from fallout from nuclear weapons tests has not been 

taken into account in our methodology. Although ambient plutonium in the Rocky Flats area from 
. .:sources not attributable to Rocky Flats is higher than that seen in other parts of the country (see 

'. Appendix C); the backbound levels in soil (0.008-0.1 pCi g-') are still much smaller than what 
will ultimately be used for a soil action level. It is important to consider this ambient level of 
plutonium in the environment because it helps put into perspective any value of action level that 
is selected. 

. .  
. .  

,,, . .- . . + 

. .  

. .  

10.2.6 Limits of Detection of Instrumentation . ,,. 
The ability to detect plutonium contamination at a certain level could influence a decision 

about the RSAL. If the value is below a limit of detection, it is not possible to verify the cleanup 
level being implemented. The detection limit of plutonium should be considered in the frnal 
selection of a soil action level but was not taken into account in our analysis. 

10.2.7 Institutional Controls 

The decision about whether or not institutional controls will continue to exist at the RFETS 
facility is a political one and was not taken into account in our work. Presumably, these controls 
could significantly impact the economics of cleanup and the long-term future use of the site. 
Decisions regarding institutional controls must remain the responsibility of stakeholders and 
parties responsible for the site. 

I 

i 
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10.2.8 Community Values 

In selecting an RSAL, one factor stands out as possibly the most important for all 
stakeholders to consider. In a sense, it is scientific in that it is based on a level of calculated risk 
or dose. On the other hand, it is a subjective decision that may well be different for every 
individual. The community must weigh the ethics and values inherent in a decision regarding a 
contaminated environment that will eventually be regarded as acceptable for individuals to 
. habit. This consideration has not been addressed in our analysis, but it is one that must 

I 

timately be taken into account. 

Risk Assessment Corporation 
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ncentrations across the RFETS. An 
by DOE/EPA/CDPHE (1996) and 

ed in RESRAD assumes soil 
ross the:site being modeled. 
, the dqse to a receptor is 
e calculation of an RSAL is 
efinitely not the case at the 

thod and the one 

tionally defined RSAL (such as 
neous concentration and a fixed dose-to-source ratio (the 

located. Furthermore, the conventional RSAL as defined in RESRAD is not 
e conceptual model we employed in our calculations because it is based on 

;concentration at a given location divided by the 

on the side of conservatism. 
It is -important to remember that the actual soil concentration does not factor into the 

calculation of -&I RSAL. The RSAL is only a function of the'dose-to-source ratio; that is, the dose 
per unit concentration in soil. The dose-to-source ratio is a function of the physical transport 
processes and assumed receptor behavior (Le., ingestion and inhalation rates). In our model, the 
dose-to-source ratio varies across the site because the air-to-soil concentration ratio varies. 
Because our objective was to provide a conservative RSAL, we selected a location with the 
highest dose-to-source ratio. This location corresponds to the location with the highest air-to-soil 
concentration ratio. 

Risk Assessment Corporation 
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. . r ; . . , .  . 

Therefore, to provide RSALs that' could 6e. applied across the RFETS, we located each 
receptor at the point of the .p+ximum air-tesoil concentration ratio, which was the east edge of 
the site n e b  Indiana Street. This location had a geometric me& soil concentration of 1.8 1 pCi g-' 

' .:'r . 8 -  .; 1 ,;.s - > i.: ,, ..: . ;>:,b.'.: * * z  

for piutonium RSAL simulations. 
st importgrit exposure pathways as 

RSAL includes the sum-of- 
): 'There is .,&I inverse relationship 'between the 

RSAL because the lbwer RSALs are 
nce-of a fire results .in enhanced resuspension 'md, 
sme . soil Concentration, which .'leads to higher 

f inhalation decreases, the impo&ce of the other pathways 
most importaht exposure pathway.. The 

s were'the, 'Same w i e  .Ad without the 
&out the  'groundwater pathway 

_. . , , 

. . *  

d'the 

. , . .  , ,  

. . I .  
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. .  
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Figure 11-1. Fraction of the total dose for the rancher scenario as a function of the sum- 
of-ratios RSAL for the three primary exposure pathways (inhalation, soil ingestion, and plant 

11.3 Introduction to Uranium RSALS 

I Uranium was treated differently than plutonium because uranium contamination around the 
RFETS is more localized and covers a smaller area, as discussed in the uranium methodology 
section. We treated uranium contamination as an isolated hot spot problem and assumed a 

~ - .  -- - uniformly contaminated area o . Under these conditions, the RESRAD conceptual model - 

d cdcula6on of an RSAL is straightforward; :A- - -- - ~ __ 

I 

I I [ I  .. 
I 

. I  

. :  . , .  . 
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11.4 Scenario Probability Curves for Plutonium 
c 

11.4.1 Scenario DOE-1 I _  

, I  
I. 

Scenario proposed by: DOEE!PA/CDPHE Scenario name: Resident 
. 11  . <. ,. * .  Some key scenario parameters: *" 

on the site (h y-I) .: .'8400 . .  / ... 

i&ioors onsite (%) :: 100 ; .. 

:' ::. ~:,; 
.,' . --" 

15 and 85 Dose limit (mrem y-I) . ' < .  

.. . 
. . .  - .  
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Figure 11-2. Curve representing the probability of exceeding the dose limit for the I 

DOE/EPA/CDPHE Resident scenario. Total dose includes the sum-of-ratios calculation for all 
plutonium isotopes and their daughter products. This probability curve includes the impact of a 
fire considered probabilistically . 
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This scenario was part of the original RSAL calculation (DOl3EPM)C 

Table 11-1. Percentiles from the'Distribution of Individud'Plutonium Isotope RSALs for D 

95 % 917 9 1820 200. , 205, . 3359 208 
"The individual RSALs for the 85 mrem dose limit can be obtained by multiplying these 

(1996) and the RAC methodology presented in this report. The pathways of concern were 
different because the methodologies were different and a number of the input parameters were 
changed in our calculation. 
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Figure 11-3. Probability of the total dose exceeding the 85 mrem dose limit for the 
DOEVEPNCDPHE Open space user scenario. Total dose includes the sum-of-ratios calculation 
for all plutonium isotopes and their daughter products. This probability curve includes the impact 
of a fire considered probabilistically. 
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Task 5: Independent Calculation 1 .  .11-7 

This scenario was part of the original RSAL calculation (DOEERAKD 

for an 85 mrem dose limit. In 
11-2. 

This section illustrates the RSALs using the open space user scenario from 
DOEEPNCDPHE (1996) and the RAC methodology presented in this report. The pathways of 
concern were different because the methodologies were different and a number of the input 
parameters were changed in our calculation. 
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L , . , r +  11.4:3 Scenario DOE-3 
L .- 

2 -  Scenario proposed by: DOWEPNCDPHE Scenario name: Office worker 
I /  's 

. . .  .,. . .  
I . .  . .  . .  . . . Some key scenario parameters: : . ,  A .  ' 1  . . . . . . . . . . .  : .  .. I 

. \ '  . ! " :Dose limit (mrem y-') ' 85 . . ' . '  : . 1  

Time on the site (h y-') 2000 , . 
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Breathing rate (m3 y-') . 

soil ingestion (g  y-') *'12:5' . .  " 1 . . . . . . . . . . .  
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. " :  . _  ,.: ,:::, 4 
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Figure 11-4. Probability of the total dose exceeding the 85 mrem dose limit for the 
DOEYEPAKDPHE office worker scenario. Total dose includes the sum-of-ratios calculation for 
all plutonium isotopes and their daughter products. This probability curve includes the impact of 
a fire considered probabilistically. 
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I - .” 
Final Report 

This scenario was part of the original RSAL calculation (DO 
assumes that the site is developed into an industrial parWoffice co 
here represent this same scenario calculated stochastically ,us.ing +he methodology developed by 
RAC. At the 10% level (90% probability that the dose limit would not be exceeded), the RAC- 
calculated RSAL for 2 3 9 + 2 ~  (including the sum-of-ratiqs calculation) was 1585 pCi g-’ for an ‘85 
mrem dose limit. Individual RSALs for the plutonium,is 

the DOE/EPA/CDPHE ‘ Worker Scena 

pes a ~ e  presented in Table 11-3. 

Table 11-3. Percentiles from 

5950 ’ 1948 
50% 10800 7750 6540 6600 45500 6840 

This section illustrates the RSALs using the office wo EEPNCDPHE 

different because the methodologies were different and a number of the input parameters were 
changed in our calculation. 
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Figure 11-5. Probability of the total dose exceeding the 15 rnrem dose limit for the RAC'resident 
rancher scenario. Total dose includes the sum-of-ratios calculation for all plutonium isotopes and 
their daughter products. This probability curve includes the impact of a fire considered 
probabilistically . 
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Table 11-4. Percentiles from the Distribution of Individual Plutonium Isotope RSALs for 
the RAC Rancher Scenario, 15 mrem dose limit (pCi g-') 

Percentile Am-241 Pu-238 Pu-239 Pu-240 Pu-24 1 Pu-242 
1% 8 34 3 3 28 3 
5% 35 92 20 21 132 21 
10% 66 114 41 42 242 42 
50% 128 142 121 122 569 127 
90% 236 15 150 131 132 863 137 
95 % 389 60330 132 132 1426 ' 138 

"Task 5:  Independent Calculation .i 1-ii  

This scenario represents a full-time adult rancher who lives and works on FWETS lands. The 
probability curve shows two distinct slopes (Figure 11-5). For 23*'24% concentrations less than 
-80 pcilg-', the slope of the probabilityame is shallow and reflects doses from inhalation of 
resuspended dust and foliar deposition on plants. For soil concentrations greater than 80 pCi g-', 
the slope of the probability curve exhibits a steeper slope and is controlled mainly by the soil 
ingestion and plant ingestion pathways. The steep slope of the probability curve for 
concentrations greater than -80 pCi?g-"results from less variability in the doses from the soil and 
plant ingestion pathways compare n doses were proportional 
to the estimated air concentratio rably more variable than 
soil concentrations. Therefore, RSALs at the 10% probability -level (90% probability that the 15 
mrem dose limit will not b he inhalation of resuspended 
dust. Note that the characteristic inflection point of this' ty curve is also seen in the 
probability curves for the other exposure scenarios. At' the 10% piobability level, the u*2?u 
RSAL (including the sum of ratios calculation) was 33 pCi g-'. Individual plutonium isotope 
RSALs are given in Table 11-4. 

239+240, 

the inhalation pathway :-Inhal 
d air concentrations were co 

d) were controlled 

,- 
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11.4.5 .Scenario:RAC-2 . 
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MAL probability curve resulting from RAC calculations: 
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Figure 11-6. Probability of the total dose exceeding the 15 mrem dose limit for the RAC child of 
rancher scenario. Total dose includes the sum-of-ratios calculation for all plutonium isotopes and 
their daughter products. This probability curve includes the impact of a fire considered 
probabilistically . 
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en 

. .  p -m c; 
This scenario represents a 10-year old child of a full time residentlrancher) who lives on 

RFETS lands. The probability curve shows two distinct slopes (Figure 11-6). For 23*?u 
concentrations less t h q  -60 pCi g-', ,the slope of the probability curve is shallow and reflects 
doses from inhalation of resuspended dust and foliar deposition on plants, primarily from fire 
events. For soil concentrations-greaterdnn 60 pCi 8'; the slope of the probability curve exhibits 
a steeper slope and is controlled mainly by the soil ingestion and plant ingestion pathways. The 
inflection point of this probability curve occurs at a lower 239+2% soil concentration compared to 
the adult rancher. Because ingestion rates for the two scenarios were assumed to be the same 
(75 g y-I), this difference reflects the differences in the ingestion dose conversion factors between 
the adult and child. At the 10% probability level, the 239+2dopu RSAL (including the sum-of-ratios 
calculation) was 35 pCi g-'. Individual plutonium isotope'RSALs'are given in Table 11-5. 

, i  
- >  

Table 11-5. Percentiles from the Distribution of Individual Plutonium Isotope RSALs for 
the RAC Child of Rancher Scenario, 15 mrem dose limit (pCi g-') 

1% 15 31 5 5 58 6 
5% 46 75 21 22 173 23 
10% 89 90 39 39 330 41 
50% 198 108 93 93 816 97 
90% 537 11 150 98 98 2010 102 
95 % 898 59000 109 114 3290 114 

Risk Assessment Corporation 
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. . . .  ._  _ .  

. . .  

. :. .;, . ' i  . . . . .  :. . . .  . .  ... : r  , : I  

iio. proposed'by: 'RAC . -.:;Scenario name: Infant of rancher (2 years old) 
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I . . . _ I  

, - .. .. I 4;. . . .  

. . .  . . . . . .  . . . .  . :  1 :  
5 . . . .  . . . . . . . . . .  . .  .. 8 , 1 : .>. . -.. , ..., 1 , ' L .  

. Some key.scenario parameters: i . . ! ' I 

! Dose limit (mremy-') : ,..,,: 15. . . .  1 . .  

.Timeindoors onsite (%) : ,.,.90 . . . . . *  . 
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Figure 11-7. Probability of the total dose exceeding the 15 mrem dose limit for the RAC infant of 
rancher scenario. Total dose includes the sum-of-ratios calculation for all plutonium isotopes and 
their daughter products. This probability curve includes the impact of a fire considered 
probabilistically . 
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This scenario represents an infant of a full time resident (rancher) who lives on RFETS 

and is controlled mainly by the soil ingestion and plant ingestion pathways. The inflection point 
of this probability curve occurs at 41 higher =%*‘%J soil concentration compared to the adult 
rancher and child scenarios. This difference reflects the differences in the dose conversion factors 
and intake rates of contaminated media for the adult, child and infant.-While the dose conversion 
factors are generally higher for infants, their contaminant *intake rates (i.e., breathing rate and 

given in Table 11-6. 

Table 11-6. Percentiles from the Distribution .of) Individual Plutonium Isotope RSALs for 
the RAC Infant of Rancher Scenario, 15 mrem dose limit (pCi g-’) 

Percentile Am-241 Pu-238 Pu-239 Pu-240 Pu-241 PU-242 

I 50% 233 133 126 126 1020 132 
90% 398 5400 129 129 1550 135 
95% 677 54910 142 148 2483 148 

. .  
. .  

. .  
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Figure 11-8. Probability of the total dose exceeding the 15 and 85 mrem dose limits for the RAC 
site industrial worker scenario. Total dose includes the sum-of-ratios calculation for all plutonium 
isotopes and their daughter products. This probability curve includes the impact of a fire 
considered probabilistically . 
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239c% RSALs (including the sum-of-ratios calculation) were 92 pCi g-’ at the 15 mrem dose 

Table 11-7. Percentiles from the Distribution of Individual Plutonium Isotope RSALs for 
the RAC Site Industrial Worker Scenario, 85 mrem dose limit (pCi gel)’ 

Percentile Am-24 1 Pu-23 8 Pu-239 PU-240 PU-241 PU-242 
1% 120 522 50 53 441 52 
5% 560 1330 313 324 2105 323 
10% 1077 1617 626 650 3948 646 
50% 2250 1950 1690 1710 9730 1770 
90% 4080 230000 1800 1810 15000 1890 
95% 6527 854800 1810 1820 23890 1900 

”The individual RSALs for the 15 mrem dose limit can be obtained by multiplying the 
values in this table by 15/s5 or about 0.18 

Risk Assessment Corporation 
“Sefting the standard in environmental health” 
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': w&foUiid to' be of l i de  .consequence' because doses were do&ated .by ;&ohidwater, plant and 
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This Scenario was part of the original RSAL calculation (DOE/EPA/CDPHE'.19$6): ?he 
RSALs presented. : here represent this same scenafio calculated stochastically using the 

' iiiriit would ni t  
be exceeded), the ='U RSALs were -35 pCi g! for the 15 mrem dose limit and -200 pCi g-' at 

include the other uranium isotopes:.Percentiles of the individud R S d s  without the sum-of-ratios 

. . , Table 11-8. ,Percentiles from the.Distribution o f , I n d i ~ d p d ~ U r & ~  . . I  . A : I  Isotope RSALs for the 

11120 
, .  .... . . .  

. .  

e .. r ' I. .' 

. . 

: ' 

. 

. .  

' methodologfdeveloped'by -RAC. At the 10% le;el(90% probabilitj;;that'.tbe d 

. .  the 85 mrem dose limit (Figure 11-9); These RSALS incorpohkd the sum-of-ratios calculation to, 

calculation are presented in Table 11-8. . . r ,  

. .  

..I ..., _ >  . -  

. .  .' ' 
, :. .;: . : I .  f,,)i . .  

. .  . .  DOE/EPA/CDPHE Resident Scena~o, ,. .*. ,, (pCil . :  g-') , . ' 

5% . 305 ' 137 ' ' 330 : '-54 : 24 . ,58 . .  
' .lo% 394; '. 137 425 :.. ':69 . _  _ '  24 .. 75 . , 

50% 7242 , , '137';: 24. .33 ?s. 

90% 7322 543 753 1292 96 133 
95% 7336 712 759 1295 126 134 

A significant difference between the DOEEPNCDPHE methodology and our methodology 
was in the area assigned to uranium contamination. The DOEEPNCDPHE methodology 
assumed the area of uranium contamination was the same as plutonium (40,000 m2). Our 
investigation indicated that uranium contamination was not as widespread as plutonium and was 
mainly limited to past disposal areas or bum pits. We, therefore, treated the "uranium 
contamination as a hot spot and restricted its area to 100 m2. As a result, the inhalation pathway 
was less important in our simulations than those of DOE/EPA/CDPHE. 

Probably of greater importance was the way the groundwater pathway was treated between 
the RAC and DOE/EPA/CDPHE interpretations of this scenario. DOE/EPA/CDPHE did not 

allowed uranium to be leached from the ground surface at a rate proportional to the background 
infiltration rate (0.38 m y-') plus the imgation rate (1 m y-'). In our calculations, we let RESRAD 

time. The time of maximum dose varied between years 2000 and 2500 depending on the 
contaminant travel times in the unsaturated and saturated zone. Uranium that migrated to the 

consumption of water was not considered). 
This section illustrates the RSALs using the resident scenario from DOEEPNCDPHE 

(1996) and the RAC methodology-presented in this report The pathways-of concern are different 
because we included an evaluation of the groundwater pathway and a number of the input 
parameters have changed in our calculation. 

I 
i 

I 

account for the groundwater pathway and extracted doses for the year 2000. However, they 

I 

calculate the maximum dose in the 1000-year time of compliance and extracted RSALs for that 

groundwater was then used for irrigation, thereby contaminating edible plants (direct I 

. .  ' ,. . 
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Figure 11-10. Probability of the total dose exceeding the 15 mrem dose limit for the RAC 
resident rancher scenario. Total dose includes all uranium isotopes and their daughter products. 
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Soil action levels were calculated for .two cases: one that considere2.a viable. 'groundwater 
pathway and the other that assumed all water was derived from offsite sources. Differences 
'between the RSALs with 'the -water .pathway on A d  off "were. substaritial. When the water 
pathways are turned on, a 1 m y-' irrigation rate was used and resulted in a substantial &crease in 
the removal of radionuclides from surface 'soil via: leaching. However, unlike plutonium, 
unsaturated zone transit times (the time it takes radionuclides' 'to 'travel from the contaminated 

. mne to the aquifer) were typically were less t h k  500'years forurahium isotopes. Consequently, 
the dose as a function of time typically had two peaks: one'at ye&:2000 (the start time of the 

. simulation) and one afteruanium'reached the water well in the aquifer. At the 10% level (a 90.96 
'probability that the 15 mrem. dose limit will nor be 'exceeded), 'tge RSAL for ='U (including the 
.sum-of-ratios calculation) with -the .water pathway *bn .was ,ll:.pCi g-', and the RSAL with 'the 
water pathway off was 80 pCi g-I (Figure 11-10). Percentiles of the.iridividual RSALs without the 

. .  sum-of-ratios calculation are presented in' Table 11-9. Note that for the water pathway off, the ' 

RSALs show little variance and are alrnost'identical (with rounding) for all percentiles. The sum- 
of-ratios calculations incorporated uncertainty in the isotopic ratios,. and that is .reflected in the 

As shown in Figures 6-1 and 6-2 in the uranium methodology section, doses were dominated 
by water dependent pathways for ='U RSALs <60 pCi g-' with the water pathway on. With the 
water pathway off, doses were driven by ground exposure and plant ingestion. '.-. 

Table 11-9. Percentiles from the Distribution of Individual Uranium Isotope E,@ for the 
RAC Resident Rancher Scenario (pCi 9') 

. . 

I .,:,;/. 1. 
..a 

....,..; , 2,. i,'.:<>:. 1 .'.$ . . .  . , - .  - <  water off curve in Figure 11-10. ". ;:. , . . . .  

. .  

. . .  . _  . .  . .  
. . .  

1 

Water on Water off 
Percentile U-234 U-235 U-238 U-234 U-235 U-238 

1% 16 11 17 492 -2 9 
5% 18 18 i9 493 28 134 
10% 21 22 23 494 28 . : 134.. ' 

50% 50 1 28 134 497 28 134 .' 
90% 50 1 51 134 499 28 '' . ,-134.' 
95% 50 1 79 134 499 28 134. 

! 
I 

i .- . . .. 

i 
. .  . .. . _ .  . .. - .  

. I  
I 
i 
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11-11. Probability of the total dose exceeding the 15 mrem dose limit for the RAC child of 
scenario. Total dose includes all uranium isotopes and their daughter products. 
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&W+,&h&ater 

. .  
. . . .  . .. -. - . - . . . - . . . . . . . 

.. ., 
. Soil action levels were calculated for two cases: one that conside 

pathway. and the other that assumed all water was derived from offsite 'sources. 
between the RSALs 'with' the- water- pathway -on A d  off were 'subsi%kl....:Wlie 
pathways are turned on, a 1 m y-' irrigation rate was applied to the soil surface and resulted in a 
substantial depletion of radionuclides from s ~ a c e  soil via leaching. However, unlike plutonium, 
unsaturated zone transit times (the .time it takes radionuclides !to.'travel from the contaminated . 

zone to the aquifer) were typically were less than 500 years. for urhium isotopes. Consequently, 
the dose as a function of time typically had &o peaks: one 'at year 2000 (the start time of the 
simulation) and one after uranium reached the water well in the 'aquifer. At the 10% level (a 90% 
probability that the 15 mrem dose limit will not be exceedd), the RSAL for 238U (including the 
sum-of-ratios calculation) with the.water pathway on WAS 9'pCi g 7 ' . ~ d  the RSAL with the water 

s'.jwithout. the sum-of-ratios 
.calculation are presented in Table 11-10., . " ' .' . , 

. pathway off was 65 pCi g-'. Percentiles of the individual'R 
. ,  
LI. 

. .  
. .  

. .  
' 1  ' . . :' . 

. .  
Table 11-10. Percentiles from the Distri'bution of Individual Uranium Isotope RsALs for the RAC child:& Scd~ariGf ... . .  I)+.!:. ' * ' ; i !  ,$ y : ;  .'"_"' '. 

Water On Water Off 
Percentile U-234 U-235 U-238 U-234 U-235 U-238 

1% 12 13 13 276 27 111 
5% 14 14 15 276 27 112 ' 

10% 17 18 19 276 27 112 ~ 

50% 277 27 112 277 27 112 , 

90% 27 8 43 112 278 27 112 * 

95 % 278 63 112 278 27 112 

As shown in Figures 6-1 and 6-2 in the uranium methodology section, doses were dominated 
by water dependent pathways for =*U RSALs <60 pCi g-' with the water pathway on. ,%ith the 
water pathway off, doses were driven by ground exposure and plant ingestion. 

e 
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,,  . .  . .Objectives .:.of,. t h i s  .project,, ,were, -, 
.. remediation and, ,+,:independent. calculation on Jevels, fo! .:the :. sjte: ,.In 

. .  

1. Accounting for the large spatial heterogeneity of plutonium ,and related radionuclide . . .  

antifying . .  uncertainty in the environmental models . , and , .  expressing the radiqnuclide soil 

. . . . . . .  
concentrations on and near the'Rocky. Fla& %e. 

tioh . llveli in' 'ways'. that ,;f&fl&t . .  1 thi$'fhce&nty' (e.g.,"the J 6ciin;eS: .fiat &np&s .the ; 
. . .  

, ! , '  ' '. dose li@i .k.-A'.i'fu&tioh.bf gdi1 c?fieent&&.& 
. h e  ~ ~ ~ e ~ ~ f ' p d ~ s i b l k , . ~ ~  &@,'di~~~~uti&is ,~&e b$sea; 

. .  i 
, ..: :-" ' 3 :: Considering exposure-scenarios' that :provide 'j$eater, ekposu 

proposed by DOE, such..k 'tlie;rincher wha usesthe eastern' 
4. Including the  possible 'dccurrence of , ' a ldge  -grass' fire"s 

temporal scope of the ,assessment. .By removing ve 
the most contwated-,..region ,of the:, . . . .  site,;. .su 

n 'of. soil-resident radionuclides and- make $e 
::- I .  . . . . .  . , + - ,  . : ; : >  -'..-: . . .  . L  

people,bofh on-,and off-site. 
I , ,  

We have implemented these extensions to the extent possible within our time and resources. 
Our belief is that the information developed in this report makes a strong case for,an assessment 
based on these extensions and gives a good indication of what the results would be. 
recommendation is that the work described in,this report be strengthened by @,?h 
acquisition of data that could remedy some of the unavoidable limitations. Such research could 
change the values of the reported RSALs to some degree, and thus we presentthese numbers as 
the product of a recommended methodology rather than as final recommendations in their own 
right. We believe the approach we have developed is sound, and we recommend tha! it be adopted 
and buik upon-& ways discussed below. - 

Y 
_ _ _  ~ 

' \  

12.1 Heterogeneity of Plutonium Concentratio 

Heterogeneity of plutonium concentrations in soil on and near the 
represented by an interpolating model based on fitted power functions in 16 radial sectors 
centered at the 903 pad. The model was fitted to data from three compilations (S 
nature, the model is somewhat crude and might be better replaced by a smoothing 
a kriging scheme or other smoothing interpolation. However, before such a revision is 
undertaken, we suggest a careful review of all relevant soil data for plutonium, particularly those 
data for which published documentation is scant or nonexistent. For example, we used some data 
that were extracted from an undocumented file that M.I. Litaor deposited with the Colorado 
Department of Public Health and Environment. It might be possible to recover information about 
these data from RFEETS archives and to adapt additional data from this- file for use in 
characterizing the spatial distribution. Published information of Litaor. et al. (1995) makes 

"Settinu the standard in environmental health" 
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. . ' 1 : .  , . ..:).. , /  '.. - ,. . - . ;. ' .  , *  - . ,-. . . c  . .  : .. . . ' . .  ..: &.;:.;. '. 
extensive use.of these data, together with a 'fig& method,-.but the paper indicates that no 

- *  . . _ .  . .  

attempt was made to adjust all data to a common basis (sampling depth and time of sampling). 
--'We were able to perform the sampling depth adjustment using the work of Webti'et d:;'(1997), 
''';but' we'could nbt pursue adjustments based on 'time'of hhpling.' We would' like' to see a cireful 
.iinalysis :of 'the aggregate of soil data and the .fitting- of iin inteipo1atiori:;mdel. that .provides 
.smoothingat the most 'appropriate'scale. We would also'be interested in efforts'to chiiracteriik a 

.. generic usc2% depth profile over time. (1969-mid 1990s). .We believeJ6ui'model 'is:adequate, 
given the limited amount of data analysis that was possible, but it could beimproved :: 

. .  

~. 

'. 
. ,  4 i .  . 1. .. 

12.2 Uncertainty . 
. . I  . 

, :  

. .  . . . c _  . I  . , i , . ' * .  i: . , - '  
, 1  . ~. 

' . . .&IC strongly. .recommends the kcorporation . of: ;uncertainty, .analysis . &to eny~onmental 
assessments. We consideruncertainty a fundamental,part of Qe,model&g,process and not an add- 
on. Uncertainties in. model .parqeters +e represented,.,as .probability .distributions, which are 

. .  .. .propagated thro,ugh the model calculations. (usually.: .by*;.!.Monte'. .Carl.o,,methods)..! to output 
'quantities, such as predicted concentrations in air or food, .and to dose tnd &k, . . . . . . > \  . 

, , . In performing uncertainty arialysis, RAC emphasizes,the followjng principles.;.. !:. . ,.;. 

A. Uncertainties are represented ' by distributions of .probability. 'The.'distributions may 
apply to single (scal&) numeric variables (the most 'coqmonly-'discussed case) or jointly 

'. to multiple variables that may be either stocliiistically in'dependent or dependent, 
depending on the interpretation. The distributions can 'be co&unicated .and explained 
by various quantitative &d graphic devices, such as giving certain percentiles (5th, 50th, 
95th) and by showing plotted scatter charts and histograms. Such devices need to be 

B. RAC generally recommends that calculations not .be deliberately biased high. : to 
compensate for lack of knowledge. Rather, ahalysts should do their best to keep their 
procedures free of bias. Conservatism, when .warranted, should be expressed by 

' increasing the variarke of a quantity's uncertainty distribution while keeping-its ':center" 
(e&, 50th percentile) fixed. (The variance is a measure of a distribution's spread or 
dispersion. The variance is inversely related to the precision' with 'which the- quantity is 
known: if the variance is large, the quantity is known with lowsprecision.) An exception' 
to this general principle occurs in dealing with quantities that are unlikely to affect the 
outcome of a calculation to a significant degiee, in which c&e the quantities in question 
may be judiciously biased high. 

C. Uncertainties for input variables may be estimated from .simple distributions of, data, 
from analytic ' considerations (e.g., physical arguments that establish .bounds for the 
quantity),. by -analogy with similar or related quantities, or 'by seeking consensus. of 
experts. Sometimes nonngorous arguments based,on weight of evidence are-persuasive, 

' but when they are offered, they must be acknowledged'as'such'. Ixi doubtful.C'es;the 
sensitivity of the outcome to the questioned parameter should be. examined; 'if there is 

. . 

chosen and presented with the background of the audience-in mind. , I  

\ 

' 

little effect, excessive concern may be unjustified. If there is significant effect, the 
variance of the uncertainty distribution of the parameter should be increased to a point 
where there is little doubt that the distribution includes all values applicable. [Note: This 
statement is strictly applicable only to distributions of random variables with bounded 
range, such as uniform or log-uniform. In the case of unbounded ranges, the subjective 0 
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- criteriontwould have to be put, in terms of a high percentile of the djstrib~$on.] .. If such a 
point cannot b,e agreed upon, or if.the affect .on the is sogea t  as to render it 

strategies must be sought. , I_ 

I .  virtually meaningless, then further reseqch must be , 

D. . Results usually should not be presented as point estimqtes (i: 
,*such ,as 2.7 pCi gl). The d 

nambiguous and sufficient in 
5th percentiles; less desirable ,for nonsymmetric di 

E. Explanations should be fra 
statements involving probability. 

*“arialysi’s in this project. When en; 
universe of possible results, the d 

ces about the source popu 
ters in models of environ 

natural processes that affect them are treated as uncertain. On the other hand,’we do not usually 
‘treat scenario parameters (e.g., the breathing rate or dietary habits of a subject) as being uncertain. 
This dichotomy has been challenged by reviewers of draft ‘project reports. We offer here a more 
complete explanation than we have given in the past, in the hope that readers will be 
consider our reasons in their entirety. 

The environmental models and parameters represent something that we do not control. For 
the most part, this “something” is the natural environment (or a very restricted part of it), but it 
can also include anthropogenic processes such as a source term. The models represent1 this 
environment as a system of state variables, including those that stand for concentrations of 
radionuclides in soil, air, and so on. We attempt to estimate the past or predict the future of this 
system, and to quantify uncertainties about those estimates or -predictions (generally we say 
“predict” in either case). The representations of uncertainty ‘are themselves, models, and their 
application includes subjectivity. 
- The scenarios for radiation protection, on the other hand, are under our explicit control. They 

&e hypotheses- that we set; ~ e i r  subjects ke-not real people. They provide a means of- 
constructing criteria for interpreting the predicted (or measured) radionuclide levels in 
environmental media. Prospective calculations that we perform are really about the environmental 
media. But they are expressed in terms of dose or risk to a scenario subject to place them on a 
more meaningful (and lower-dimensional) scale. 

Probability distributions associated with the environment, which we do not control but which 
we must somehow simulate, are of a different character from distributions associated with 
variability within populations from which a scenario subject is imagined to have been drawn. It 
seems to us generally confusing, and possibly misleading, to mix‘ the two kinds of probabilities 
together in order to make uncertainty statements about exceeding dose limits. It seems to us much 
clearer to choose our scenario subjects with fixed numeric properties (breathing rates: dietary 
habits, and behavioral characteristics) that would be protective of a reasonable fraction of the 
population from which we assume the subjects come. If multiple properties are involved, then we 
obviously cannot set them all at the 95th percentile and assert that we are conservative for only 

11 , . 

2- 
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95% .of :tlie :p'opulationi'But we'.do believe'that they should be set to fixed.values, in such a way as 
:to'defme the .subject as being credibly protective of an acceptable .proportion of the- population. 

. , '.'de&ly; 'it 'is 'always reikonable to review a n  ,assessment as a whole and ask whether too much 
conservatism might.have been introduced. But care has to be taken in doing so. . : .. 

"i''Note thatwken a millennium.is the time do& of a prospectivestudy (as is the case for this 
ect),'. tlik scen&o 'becomes ' a  succession of hypothetical individuals, all :having similar 
ion A d  characteristics,'.but 'with their' exposure environment evolving from :generation to 

.. generation. If one wereto treat the scenario subjects statistically, would successive generations be 
stochastically .independent with respect to their physical and behavioral propeities? Or would one 
odsider autocorrelations, 'to, account for family traits in different generations? ,.Or would. we 

. ..sample one set of properties at each Monte Carlo realization aiid apply ~them~eqmlly to all 
.;ge?erations?! Many questionsiof . .  this kind cgn :be. raised to illustrate the . conceptual . % .  . * .proble,m, ... . . . I  that 
.,grise. ..when:one,..ventures down .the path . I _  .of. .. "realism" .. , expected . , : from treati-ng . .  . scenario ..': - 2 .  subjects _. . . < 1 . ;  ,as . 

:.{{( ,.:gFinglly, it might ;!be helpful..to the reader to contrast the situation I .  desc,ribgl above,' for 
+;-prospectiye ,a,ssessments, to retrospective studies such as dose reconstructions. . .  If a _ I  &k : L ' . - . ,  analysis is 

..: : cq i ed  .outifor such a study, the.affected populations are real, and distributions of properties of 

. .  

I i l . ; ,  ' ' 

, 

. . /  
wles'frpm ,I@ populations., , : , . , . .:. 

, those,populations can (at least in principle) be estimated (e.g., by Census statistics and sampling 
.surveys). We can then quite reasonably consider these distributions as part of the total uncertainty 

I .inlthe risk estimate and combine them with distributions of concentrations in exposure media. 
The outcome, for example, might be the number of health effects that would be predicted to result 
from the collective exposure under study. This number is uncertain, not only because of our 

I uncertain predictions of environmental concentrations, but also because of variability within the 
. affected population with respect to our determination of the relevant properties (e.g., breathing 

1 rates, diet, proximity to contaminated media). In a retrospective study, we do not have the luxury 
of defining a hypothetical individual whose properties suffice to protect most people who might 
be exposed. The purpose of a dose reconstruction is not to protect anyone, but rather to study 

RAC recommends that uncertainty analysis be retained in applications of the methodology 
, potential or realized effects of what has already happened. 

-described in this report, and that it conform to the spirit of principles A-E above. 
i 

12.3 Scenarios I 

I 

I RAC has made calculations for scenarios other than those discussed in DOEEPNCDPHE 
1997. It is not our purpose to recommend that particular scenarios be adopted for calculating the 
RSALs that govern the cleanup of the Rocky Flats site. The question of,final determination of 
scenarios is closely related to discussions and decisions about the subsequent use of the land and 
the durability of any hstitutional controls that might be proposed. Such matters have a political 
component that is beyond our scope. 

considered in the discussions by the community and the decision-makers. The details of these 
scenarios are given in our Task 3 report (Aanenson et al. 1999). Generally, the scenarios explore 

scenarios are very much in the tradition of regulatory radiological assessment practice. It is partly 
for this reason that we have emphasized them in this report. But we encourage all interested 

I 
I 

We have recommended by our example, however, that additional scenarios be explored and I 

! 

broader opportunities for exposure than the ones proposed by the agencies. The RAC Rancher I 
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estion of the possible effects of a 

recently ,burned peas  in the Front Range region could be suppoyted, but relatively large areas 
I would l.&ely be more useful than small experimental tracts. If such measurements are undertaken, 

they should include monitoring of meteorological variables together with - -  fluxes and ’air 
concentrations with particle size distributions. 

question we have not been able to consider explicitly, but this probability could be an i 
parameter in the stochastic fire model. Periods of drought or greater rainfall could accompany 
future climate change. Vegetation could take more than one year to recover if a fire occurred 
during an extended drought, and the frequency and size of fires would be greater. A recovery time 
larger than one year would not affect an RSAL, calculation based on a maximum annual dose 

, : criterion, but it could be significant for a limiting criterion based on lifetime risk resulting from 
the total lifetime exposure of a scenario subject. Some additional computer studies could give a 
better sense of the sensitivity of RSALs to the assumptions under the different limiting criteria. 

An aspect of the fire that we have had to neglect is the effect of contaminated smoke 
particles on people who might have-breathed them at the time-of b>urn-@g. - s is - -  an important __ 
unanswered question, for which the most important ingredients of an answer are available (e.g., 
Little 1980). However, to attempt it would have required a more elaborate scenario structure, and 
it is not clear just how the analysis would have fitted into the RSAL scheme. Some modifications 
of our djspersion model would also have been required. These difficulties can undoubtedly be 
worked out, but we regrettably have to leave this important question for now as a 
recommendation. 

,.The effect of future periods of drought on the probability of a fire in a specified ye 

- - - -  - -  

12.5 Other Recommendations 

12.5.1 Groundwater pathway 

Inclusion of the groundwater pathway has a small effect on the simulation results for 
plutonium isotopes. RAC’s analysis for Task 3 (Aanenson et al. 1999) indicated that the soil- 
water equilibrium distribution coefficients (&) for plutonium and americium were large. These 

Risk Assessment Corporation 
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large magnitudes indicate that -transport of these elements from the surface soil through -to the 
groundwater aquifer is slow, with very little material reaching the aquifer within the 1000-year 

. .  

temporal scope of the assessment. Thus, very little of the plutonium and americium from the . 

' . surface .soil reaches the scenario bjects by way ofthe groundwater pathway. 
. .  

. . However, we stress that the groundwater pathway is complex, whereas its treatment within 
. ' : ;REsRAD &'simplistic'&d 'may nkadequately represent the contamination of gioundwater over 

:. :time:' ,?Specificdly.$-'colloidal' ..tririspoit '' and i ,  oxidationireduction reactions' under ' anaerobic 
itions have ,been postulated aia:'piocessek that can significantly enhance the mobility -of 

onium-(see Appendix B:' '!'Alternative Groundwater Dose Calculations"): Future reseaich 'into 
se &ne kansport processes at Rocky Flats or new information about plutonium geochegnistry 
site-specific'.&stribution.koefficierits 'could affect these 'results and should be : taken into 

t' bj a&fuhre dose- &sessm&nt;'2n the -event .that .. .contaminants .are found to.move more 
y .fh;ou@:>he *vadose .mne :.into"gro&dwater, we 'believe ' the effect. on th'e calculated 

ni&%otope .RSALS would still, be'small. :Rapid transport by way of groundwater pathways 
'imply .'faster j . ;  'd$pletion ., of &face .containination, and the' .incre&e . in :gioundwater 

entradon would-likely be offset .by the diminished surface soil concentration. Therefore, 
hough" changes'. in esti&ted"groundwater ' 'trasport of radionuclides mayi occur as ' better 

'&o&tion is',developed, we believe these changes will likely be insufficient to cause the dose 
'-li&t to be exceeded. . 

In the case of uranium isotopes, RSALs tend to be more sensitive to' the groundwater 
'.pathway, and infact, they control the'RSAL at the' 10% probability level. Again, we recommend 
' additional .research into the mobility of uranium at the RFETS, coupled with environmental 

. .  

. 

. .  .... . 

..,, 8.L 

. 
monitoring of groundwater for uranium isotopes. 

. .  . . .  
I .  

- .' ' 12.5.2 Probability '1evel.for exceeding the dose limit 
, 1 '  

. .  
! ! - a , >  .We have presented results for each scenario and annual dose limit as a plot of the probability 
'.-' of exc&ding the.dose limit, expressed as 'a function of 239+2'%u (or ?J) soil concentration. The 

radionuclide '. soil action level -can be obtained from such a plot as the concentration' that 
corresponds to' a specified probability level. We have shown RSALs corresponding to a 10% 
-probability of exceeding the annual dose limit, and this value is consistent with EPA guidance.for 
CERCLA-cleanup activities at Superfund sites; The following quotations (which were pointed out 

. 'by areviewer of the draft Task 5 report) indicate the nature of this guidance: 

.. : .. . 

- . 

. .. . .. ~ 
'. . 

: ,.; .. - ";. .actions at ,Superfund sites should be based on an estimate of the reasonable 
'mkimum .exDosure (RME) expected to occur under both current and future land use 
conditions. The reasonable maximum exposure is defined here as the highest exposure 
that is reasonably-expected -to occur at the site.. .= (Risk Assessment Guidance f o r  
Superfund, Volume 1, Human Health Evaluation Manual (Part A )  Interim Final, EPA- 

' . 
' . .  

' . 

502/1-88-020.) . . 
I 

"The high-end of the risk distribution is, conceptually, above the 90th Dercentile of 
the actual (either measured of estimated) distribution. The conceptual range is not 
meant to precisely define the limits of this descriptor, but should be used carefully by 
the assessor as a target range for characterizing 'high-end' risk." ("Guidance on Risk 
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and the oversight panel. This dose limit appears to be inappropriate for 

he 85 mredy dose criterion was proposed by EPA as a supplementary upper 
’ bound on the possible exposure of individuals in order to assure a minimum levei of 

protection in the event of unanticipated failure of institutional controls, not as an 
alternative dose limit. Further, such failure was expected normally to be of short 
duration, because it was assumed to be corrected when identified. The criterion was not 

, intended for application to planned long-term uses when institutional controls are 
assumed (Le. planned) to no longer exist (as in the three DOE scenarios noted above) 
and, it was certainly never intended for use as a occupational standard, as it is used in 
the RAC-4 scenario. The Superfund does not recognize different risk (or dose) criteria 

I 

, 

- - _  -_ 
for individuals exposed as workers vs. other. members of the public after a site has been - - 

_ _  
- -- - - -.- - -  ~ 

cleaned up. The only way an increased dose to a worker over that permitted any ~ 

~ 

member of the public would be permissible is for the situation in which the worker is 
exposed to be the result of licensees activities involving radiation as a part of the work 
product. Of course, at an industrial site, it is appropriate to take account of the 
decreased residency of a worker, as was done in scenario RAC-4. However, the dose 
criterion that should be applied in RAC-4 is 15 mredy, not 85 mredy.  We note that, 
in the current directive under which EPA regulates radiation cleanups (OSWER 
Directive No. 9200.4-18; August 1997), the 85 mredy criterion has been dropped 
entirely, since it is assumed to be unnecessary. . . . 

“. . . the viability of any industrial scenario depends on the guaranteed continued 
effectiveness of institutional control. It remains not obvious to this reviewer that either 
the commitments or assurance of effectiveness for the necessary institutional control 
exist. The DOE report [DOEEPNCDPHE 19971 depends on the “Rocky Flats Vision” 

,337 
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. .  
, f&'&sur&ce'of . .  . 'such conkol. This document .was not'avai1able''for review. However, a 

t a legal c o h t m e n t ,  and the discussion of near an'd immediate t e h  lahd 
uses and, more significantly, the absence of any discussion.of*long-term&nd use (e.g. 

. .  . . in the last paragraph on p. 6-15,of the DOE report) creates the impression that the state 
urarice'i;f & f f ~ ~ t i v e ~ e ~ ~ ' d f ' i n s t i t u t i o ~ ~  c6hths'in the future 

'agency '(DOE), State,'&nd local officials cahnot 'provide 
inairitaiiing effi&e.iiistittional idnt&l for 1000 yeais, theri 

:'to ':be giden'do cleanup'bf the site to '15 miedy.  under 
end on:the presence. uch control. ; j;7' . _ . * :  

j. "visiO;l;" i 

. .  

. .  
. .  . 

. . . . .  
t ' :I:. .. . .I,, . 

. .  'RAC recommends that the relevance of the 85 mrem year-' standard be reconsidered in the 
. .,light .of contemporary . .  regulatory guidance and contemplated uses ofPtie'Rocky Flats she. . '' 

.. . . _  . .  methdd ' 1.'' ' '.-I; , . i '  \: . -  ' . -  ::. . ' ' , 

. .  , . .  . . _  . . .  
,.' :;.;;j.:.. ',; , '  

calculahon 'method - for plutonium RSALs for the Rocky 
ve Ad 'difficult .to .automate; .otherwise, we would likely 
'RSAL-calculations for this report. It has the advantage of 
h 'qirectly . .  td :the modeled remediation strategy, and it 

'takes into ' account =.**% soil concentration. as a function of location. The extended sum-of- 
ratios .method use r most of the report depends principally on the plutonium air-to-soil 
concentration rauo t tliat can create confusion for the interpretation of the RSALs. We have 
applied' th'e"&ltemate "method to the RAC Rancher scenario and have found that it produces 
,comp&hble:"RS&s~for that scenario when the reeptor is placed on. the site. However, when the 
receptor fdr. *e 'Same scenkio is located just eait of Indiana Street, the result of 'the alternative 
calculation 'ihdicates that'no'remediation would be required to meet' the 15 mrem year-' dose 
li&t:*'?'he. altemate"methdd is more explicit than the extended sum-of-ratios method, and its 
interdietation .is stiaightfonikrd. RAC .reco&ends that this method be developed further for 
supplementky ,.(or 'possibly principal) use ' in '-any' further scenario analyses or future dose 

' ass'essmentl 

. - .  

.*.I ..'?<'. 

... , [ ';' .;.. 

~. , ;*:, . ..P''.- . ' - 
7 . -  ,-... 

~. . : , .  < : :  . - 
. . .  . * ,. > . . . , . , . , . ' 4.. : -. . . .  

'( 12.5.5 Lifetime risk criterion for B A L s  ' . 
. .  ,. . .  I .  

, , ' 8  I .  . .  . . . .. . .,. . 
. .  

'.' 'Some reviewers of the -draft Task 5 report questioned the use of a maximum .annual dose 
. ' Critehon',for limiting radionuclide soil' concentrahons, .suggesting that to proceed directly from a 

, - lifetime .iisk criterion. would be preferable.' 'In ,calculating .RSALs, RAC was constrained by 
con&ac&d . _  s.,. . 'agr&nents'to apply -15 mrem ' m i m u m  annual dose limits for. scenarios involving 

lic-access to the-site. '(Elsewhere in-this section, we recommend that elimination of the 85 
r i d  &it be considered.) But we are open, to the view that such a risk-b&ed approach 

might be appropriate. 
The recent Federal Guidance Report 13 (Eckennan et al. 1999) provides lifetime risk-per- 

unitexposure factors for the relevant pathways that would facilitate an approach based on direct 
lietime risk.lirhitation, which as a technical matter could be camed out with some modification 
of the sc,ripts' we 'have used for 'the calculations reported here. However, there are serious 
questions - .  about- the role of uncertainty in the' results when uncertainty for risk coefficients is 

. .  . 

. .  

. .  

' ' 



Task 5: Independent Calculation 12-9 
Final Report 

greater than that for dose coefficients. In the present work, dose coefficients (dose conversion 
factors) have been treated as scenario parameters, and accordingly as futed quantities. The risk 
coefficients could be treated similarly, leaving the results conditional given the values of the risk 
coefficients and subject to interpretation in the light of what is known about the uncertainties in 
these parameters. It is also possible that the uncertainties in dose and risk coefficients could point 
to more conservative RSALs than the ones we have estimated. RAC recommends that this 
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. .  

. ... .: .. 

nvironmen 

ted these recommendations 
Its, somewhat and improve 

. ~- ~ 

- . .. ~ . 
~ . . 

. km as;i=b,&ii fotdecii;sibn-n! 

risions of an earlier approach proposed by 
DOE/EPA/CDPHE (1996) that used the RESRAD computer program. The contract required that 

over the next 1000 
‘I ’ 

. ... . 
1 .  L 
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Other factors beyond the scope of this work.should ... be considered in the selection of cleanup 
strategies for Rocky Flats. The soil action &el that 1s applied for cleanup should be decided by 

., federal . .  and , ., s.tate ?.:a authorjties and the conynwity working t 

. C', ..provides long term protecdon .of $e public: Figure'..13-1. 
J restrictive, scenarios.,This figure #broadly supyr&zes th 
.,the decision . . .  process might ,find the kgure u 
!,. differmt , . exposure. . .  scenario . .  

. . . .  . . . .  6. . .. 
. .  . .  

i' . ' , .. ; (' ,  f .  1 .. , - ,  

. . .  . . .  . . .... . . .  . . . .  . .#_ ,: .< . .,I ,,,, ,.. .,~:i . .,>.L. ,. :;:;A, I - ' .  a:. - - ,  a' L . f ~ 

. .  
- .  . - . .  . .  

. .  

0 

Rancher with probabiiiqic firer 

, 

' . i  . .- 

a : .  

'i, '. 
.. 
l i  

e .  

"1 ' .  

0 20 40 60 . . . .  i .  ... : '-100. . L . ,120 1 1  .... 

: W+*~OPU Concentration (pci g-1) .:.,?- '. ~ 

. . . .  . a ,. 7 . . .  . . . .  i ..... I.: ..': :1 . . . . . .  :.. . <,. . . .  

r :  

. .  . .  . .  
, : .  . I  . .  . .  

Figure 13i1. Composite graphic illustrating the, most  res^ 
centered at a soil action level of 35 pCi'g-'. Curve :. . .  A ; represent -. I ,  

fire occurs' with a probability,of 1; curye B re 
'the occurrence of a 'fire & a probabilktic e 
c u k e  B, incorporates the probability of a fire. ' , 

,m& 'ihkying . . .  a region 
ii .? ind 2 '  issumes:tLat a 

e ran&e* scen*o . , i ' . .  gd . . . . . . . .  t+es j i t o  account 
C .represents. the child . . . . . .  scengio Gd, , like 

<;,:', 

. 1  

. . . .  . .  I .... .I 
I \ .  . 1 . -  

,;!a: . . . .  . . .  : ' :  :.: . -  . 

There ?e several features illushated in this ' fiere 'thai &e impoh$  \ . . C , . .  'to. i .  note. ; > . ,  Curve . ' 3  A, 
'defined by the rancher scen&o &d with- the probability-of a f&e 'equd to one, likely represents 
the most con:servative set of assumptions and hence .the most . . .  restrictive . . .  radionuclide-Soil action 
level. We say "likely" because fuither rese&ch into'the impacts of a pr&rie &e could show' that 
we have underestimated the effects of the fire. Curve B represents the rancher a d  incorporates'a 
stochastic model of a future fire. With our assumption of a 10% probability of exceeding the dose 

. .  . .  

I 
\I 
i 

. I  

. .  , ' . I  

I 

i 

I 

I 
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probability of ,occurrence and extent of a fire. However, as-the soiI concentration 

spectrum,and-lighter farther out. It is important 

present in the soil in addition to 

may correspond to unrealistically conservative scenario descriptions, which could lead to 
significantly greater, cleanup costs than, can be justified. On the other d, RSALs that are 
significantly larger lead to a high probability o 
impact human health. It is especially limportan 
child scenario and influenced primarily by, soil ingestion is scientificall 
unlikely to change 

s conversion factors o 
bound for the RSAL. If the,soil action leve 
exceeding the dose limit is greatly, 

also developed-gj allern 
method was based on c 

(Le., cleanup) levels.,The r em4  
dose limit would be exceeded 
heterogeneity of 
to a remediation strategy than does fth 

ceeding the presc4bed dose limit -a 
nderstand. that the cal 

approach is more, ,difficult to implement and therefore. h q  no ,automated in the 
analysis. However, because it is more explicit, it-is a useful che m-of-ratios method, 
and we include its results in these conclusions. This alternate calculation resulted in an RSAL at 
the 10% level of about 37 pCi g-’, suggesting the value of 35 pCi g-’ should be strongly 
considered as a technically based RSAL for the Rocky Flats site. 

Our analysis is based on the best available data and methods that we could employ. During 
the course of our work, we have identified important research that should be completed in order 
to strengthen our methodology. In addition, changes in the design specifications or scenario 
assumptions on which this methodology is based would change the results accordingly. This 
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flexibility is quite important .to keep.in 'mind because'a number of issues that could affect these 

While.our methodology and the resulting RSAL values 'are scientifically .defensible !arid.!are 
based on .Sound science, :RAC believes that additional work;could 'reduce'some of the 'untemhties 

z*arid"refine the RSALs. There -were 'Specific &eas,where :more ibforniati&~ (or more'.-orgahized 
reseakch and scientific hquiry would'have allowed us,'to make-better estimates of parameters or 
to develop more well-defined methods in our approach. Foremoit%mong these -are 'data a that 
quan@ the impact of a prairie fire on' the land now o&upied by:tlie Rocky Flats site 
from the Acthide Migration Evaluation studies': Other important. ireas 'include: ' . .'. 

. . ;,.-: :. , . 

. . .  . .  . . . .  .. 
. >  . I  . .  - results.have been raisdduringthecourse ofour work. ,,<. .:,. . 'i: .I.". . . . .  !.L . . . . .  i : .  ' . . . . ; i  

. . .  . .  

. .  

' . : 

. , ' 

. , , 

' : .effect of prairie.fiies on the resuspension of.mateijal'..;, ' '  :..: ' ' , I  I t.: ' 

0 time sequence of ievegetation fo11oyiiAg a natural. eve 
. .  

4 * 1 : '. ?+ h&e'.r&Jiim''in the rbSusp'&$bn Imbdel!for .RES 
. .  

' .  . ' ! ; 0  '.developing a me tho do lo^ itoiestifnate 
. .  . .  

e 
uranium hotspots&d the widespread plutonium 

.... . .  t ':i. i:-'.construc&on of a computer-implemented model :of the Roc 
. . . . .  

. .  
" ,+alyzing 'different radionuclides, sources,'aiid 

.gioundwatef ~ , & . p o ~ ~ ~ r o p e ~ i e s ' ~ ~ ~  Rokky Fq,& 
. . .  - 1  . . 

0 . new-discoveries about'site-spikific diitrihtion 'coefficients ' . . - .  : J . -  . 
' "0  ..potentid for accumulation of hctinides ori.offsite 1;Uihs hdjwater resources: ?. '  ....... .' . : 
. .  
. ' 0  protection from. violation of ;the"Rocky s.Cleai~up :Agreemen 

. . . .  . , . . ;.: 
I . .  

. . ,  

. . . .  . .  . ' t  . . 8 .  . . . . .  ,. 
'. standards for plutonium. . 

A sound: technical foundation and credible scientific methodology are the;most 'important 
elements ,in setting soil action levels for Rocky Flats site. However; the.fihal decision on setting 

.. the RSALs ultimately lies in' the-.hands 'of the stakeholders, -DOE, and .other.:State and federal 
'. 'authorities. There are other criteria that influence the'decision-making process for the'Rocky Flats 

site, such, as the cost of cleanup, .protection of ecological resources, 'and community. values. The 
approach to 'cleanup that is ultimately implemented .by the DOE at .the'RFETS W i l l  hivolve many 
political, Social: economic, 'and moral decisions. It is imperative that all hvolved'h the decision 
process recognize these factors and the integration-of ideas that, must go into making a:decision of 

RAC's task waS to evaluate the RSALs adopted. for Rokky Flats in. 1996, to',develop a 
methodology for 'independently determining'RSAL;s, and 'to calculathg RSALs for -Rocky Flats 
by applying this methodology. We conclude that app1yhg"our method to the.exposure. 'scen&os 
approved by the Oversight Pariel, using 15 mrem as a'dose limit, and assuniing a.probability le+el 

.'of 1096;indicates a technically based RSAL for 239+24opu . in soil-at Rocky Flats-df'35 pCi g-'..For 
. uranium, a technically derived RSAL using our methodology 'and &sumptioris would' be 10 pCi 

8 ,  

. .  

. .  

. .  . . . . .  this type. .'.'.. '.': .? s . :  8 ; .  . 

. 

. .  . . . . . .  . - .  . . . .  
.1..il. . ? '  . , . ,  . . .  

1 .  - .  

. . . . . . . .  
' g-' . 

. .  . . . . .  t ?-', I J::..,. . . .  

. . . . . . . . .  -1. . 
L I  . . -  _ *  . .  
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APPENDIX A 

- COMPUTATIONAL DETAILS ’ 

This appendix illustrates how RESRAD was used in conjunction with PERL script files to 
perform Monte Carlo simulation for the radionuclide soil action levels. In the calculations we 
performed, we bypassed the graphical user interface provided in the RESRAD aistribution files 
and instead wrote RESRAD input files and executed the main computational unit 
(RESMAIN3) from the PERL script. The primary functions of the PERL script include: 

0 assigh values for all RESRAD input parameters 
0 sample those parameters that were treated stochastically 
0 write W R A D  input files 
0 execute RESMAIN3 
0 extract doses and single radionuclide guidelines for each nucli e 

SUMMARY.REP file and save to separate files. 

Each scenario was run using a separate PERL script file and uranium and plutonium isotopes 
were run separately. As discussed in Section 4.2, uranium was treated differently because the 
nature and extent of uranium contamination was different from that of plutonium contamination. 

The default dose conversion factor library from RESRAD is based in the International 
Commission on Radiation Protection (ICRP) publication 30. Therefore, new dose conversion 
factor libraries were written to accommodate age-dependent dose conversion factors from ICRP 
70. Three separate dose conversion factor files were written; one for the infant scenario 
(INFANT.BIN), one for the child scenario (CHILD.BIN), and one for the remaining scenarios 
that involved adults (ADULT70.BIN). The dose conversion factor file used in the calculation is 
identified in the PERL script. 

An external C program (FIRECONC.EXE was used to calculate the fire probabilities and is 
called in the Per1 script before the start of the Monte Carlo simulation. Several other P E E  
scripts were used to take the single radionuclide soil guidelines and compute the probability 

radionuclide soil guidelines and calls the scripts, SRATI0.PL and CUMPROB.PL to compute the 
sum or ratios and the probability that the sum of ratios exceeds the specified dose limit. 

Illustrated below is the PERL script file for resident rancher with the water pathway off 
followed by the DO-GRAPH.PL, CUMPROB .PL, and SRATI0.PL. Comments are provided 
throughout the script to aid the reader’s understanding of the process. 

# racrnc:pl -(RANCHER Adult), scenario beginning 2000 with water pathways off - 
no fire. 
# PERL program for executing RESRAD v. 5.82 in Monte Carlo mode 
# with the Rocky Flats radionuclides. 
# 
# Please note that this program works only with a very restricted setup. 
# The first statement (require) must point to a directory that contains 
# the PERL file sample.pl. The variables $RESRADgath and $Working-directory 
# must contain correct path representations to the RESRAD 5.82 directory 
# and the user’s working directory, respectively. The working file 
# indicated by the variable Sradfile must reside in the user‘s working 

- ---? distribution of-the sum of ratios;SThe DO2GRAPH;PL script opens-the file containing-the single - 
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7.. . . . .  

, . .#  directory (the program will mhke.nuinerous 'substitutions in it). The files . .  

' ' . ' #  RFSAL.Bl, RFSAL.BIN, RFSAL-D1, RFSAL.D34, RFSAL.D5, RFSAL.RN, and 
. # RFSAL.SF packed with this script must be placed in the RESRAD 5.82 

. .  
, .#  Output files.are.$outdose = mcdose.prt and Soutsal = mcsal.prt (these 

. .  .,~:# .'settings ic& .be .changed; ;:see. below) . These fil'es..,are Written .in the 
ith .o.ther software for 'plotting histogr&''or computing 

. . '  :,.:.# working ;dirpct,ory., ~. ?They:.$ave headers, that, may need to, be removed €or 
* 

its: , -.:: ' , : '< . . .._ I.  . , . . 1, . -  . , . . .  
. _ .  # PFOC 

- '.-# 'pert 
. .  . .  . . . .  . . 1. % '  ' . . .  .'". : r : : 

. .  '_ 7 . 'I - ...-" : .<?i : 

,. . .  ! .  . . 1 ,  '#.'List of!..princ * '  
.: _. @nyc-name & "i . . .  238", "Pu-239", "PU-24On j "Pu-24l"','~Pi.l-242") ; 

. . .  .require 'c: \\rfpsal\\binfiles\\sample.pl' ;: # ,.dis.tributions . .  .for, Monte,Carlo 

. . . . . . . .  # set randon number seed ' ' ,  i"' . ._ . . . .._ 

. .* . . .  
........ sampling 

srand(314159265) ; 

. . .  
? 1 .  - . \ - ,  irt.. , . !  . . . . . .  . . .  . . ' I  * . . ,. I . < . .  I .  

. .  

. . . . . . . .  . .  
. .  

,: ' . , I  . .  . .  

. .  

- .  
.. ' , 

&Sy>.ath .= "c:\\RESRAD";. . , . ,  - .  rkikg2directo;y' "C: \\rfpsal.k\task5\\rev2\\RACRNCw ;' :.:' 
. :  ..; . . . .  . .  . ,  - . , 6 ' .  

. .  . I. .''#---------------------------------------------------------------------- , 

. .  
ar+neters#that will mqst often be changed for a given scenario c ; , , . * . ; ,  . . . . . . . .  ,;;.... . . . . .  . . .  . .  
________-___--------__i_________________-------------------------- 

! j . . ' . . .: , , ..,- ., :.,: 8 ' i " ' . . '  , 

,.yeary20.00 sojl ;concen.trat,ion distribution for Pu-239+240 (pdi gA (-1) ) ,..-. . . . . . . .  , 3 .  I 3 .  

dLincsoil-GM 1.81; .. 
u-&n-soil-GSDi=.4;., . _  ~ , . 

Year12000 "air concentration distribution for-Pu-293+240 (pCi mA (-3) ) ..... T I  ..; ,;,. ' . ; I .  ~ 

.:; _ . .  

.,:.:$A&._cO?C~PU~GM 7 2 -33E-5; 
'.$Air-conc-Pu-GSD = 4; 

C ' . ' i i * * * ' *  '+arameters"for resuspension flux ratio calculation 
.. $Air-conc-Pu-fire-GSD = 16; # when fire is indicated, this GSD 

: _. , . # will be.used for the uncertainty of .the air concentration 
. . .  .'.' ' . ' ' # of Pu (this is attributed to the estimated soil flux) . 
.--';'#:Bum'-areas for wildfires in Arapaho-Roosevelt National Forest and Pawnee 
ci,,#:,.National Grasslands, 1900-1998 (acres) (data sorted into ascending order) 

urn-area = (loo', 124, 130, 140, 141, 150, 167, 170, 177, 180, 182, 

370, 37.0, 390, 400, 450,'470, 477, 477, 500,. 500, 606, 660, 715, 
'740, 748, 757, 1000,,1007, 1008, 1148, 1190, 1200, 1214, 1221, 

. :  .# Total 'area .of Gapaho-Roosevelt National Forest and Pawnee National 

200.; 210; .220, 230, 235, 250, 256, 256, 275, 283, 300, 312, 364, 

. .  1804, .1967, 2471, 2635, 2734, 2800); 
t .  

Grasslands (acres) 8 . .  
.. $Park-area = 1 - 5E6 ; . .  

.$pmin = 0.0012; $pmax = 0.0023; 
# about 1 fire per 1000 years at the RF site; based on fire 
# stat'istics in the Arapaho-Roosevelt National Forest 
#:(1.3 million acres) and the Pawnee National Grasslands 
# (193,000 acres), using fires that burned 100 acres 
# or more between '1900 and 1998. 

Sflux-ratio-0 = 200; # baseline ratio of median soil flux with and 

$year-of-fire = 1; # parameter to be reset by fire-fluxO 
# subroutine, to give the 
# year of the fire that produces the maximum 

# without fire 
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# PU flux estimate , I  

#*** * *  End of parameters for resuspension flux ratio calculation 

#-------------------------------------------------------------------- 
# Working files 
#-------------------------------------------------------------------- 
Sradfile = gmcres.radg; # NAMELIST INDATA master file 
$=file = "rncresxx.rad"; # copy of modified Sradfile to \resrad 
$outdose = *c : \\rfpsal\\ task5\\rev2\\racrnc\\mcdose. prt" ; # output file 
€or Monte Carlo dose results 
Soutsal = "c:\\rfpsal\\task5\\rev2\\racrnc\\mcsal.datn; # output file 
for Monte Carlo SAL results 
$df f ile = "ADULT7 0. BIN" ; # binary library for dose conversion f 
Sdmpfile = "c:\\rfpsal\\task5\\rev2\\racrnc\\output.dmp"; # dump file 
of sampled values * i  

open (DUMP, '>$dmpfile") ; 
#---------------- _____---______-__-------------------------------- 
# Set the n&er Monte Carlo realizations . . . 
# if $nmc = 1, 
# parameter ,(median.for logarithmic distributions), mean for others. 
#-------------------------------------------------------------------- 

$nmc = 500; # number of Monte Carlo iterations (=1 for deterministic) 

$Title = "Resident Rancher (Adult), composite fire scenario with water pathways 
off"; 

#----- More fire parameters 
# 

- .  

7 .  

the median or mean will be used for any sampled " .  

* >  

# Receptor coordinates (km UTM) Located at the industrial worker site 

$x-R = 486.1; 
$y-R = 4415.310; 

# Rectangular fire domain (roughly rancher's land) (km UTM). 
$min = 483.2; 
$pin = 4413.12; 
$max = 485.96; 
$pax = 4417.23; 

# Open the stream of normalized air concentrations from future fires. 
# The worst case corresponds to 1.0, and leaching of Pu from the soil 

# value is multiplied by $flux-ratio-O, making this the maximum value. 
# Then a random year is generated, and the product is adjusted for 
# leaching. If the result is > 1, it is multiplied by the default 
# flux (i.e., the one for standard ground cover), and the realization 
# corresponds to a fire. Otherwise, the default flux is used and the 
# realization coresponds to the year-2000 scenario. 

~ - -  -- - - #-is not-yet taken -into-account. -In subroutine-%fire-flux, each sampled - _  
. _ -  - _ -  - __ ~ 

$nfs 
open 

= 1000; # sample size from FIRESTREAM 
(FIRESTW, 
"c: \\rfpsal\\binfiles\\fireconc.exe Snfs $x-R .$y-R $min $pin Sxmax $flax 

I " ) 
I 1 die "Cannot execute fireconc" ; 

print STDERR "Generating a sample of $nfs observations from fireconc --\nu'; 
print STDERR "this may take a minute or so . . .  , 
for (1 .. $nfs) 
I 

" .  

$line = <FIRESTREAM>; 
chomp $line; 
$line =- s /  [ l+//g; 
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print STDERR "sample complete and stored.\n"; 
close FIRESTREAM; 
# End new fire stuff 

. .  

- - ,  

$Version . .  = "new"; 

# Set $Version to'"o1d' or "'new' to indicate which area 
# will be used (v. 5.61.0r 5.82,' respectively). 

factor 

.: I . ., 1 .  
.. 

-. . . .  # Areas. (mA2) 
.$Area =.lE7;'.# -ea of contaminated zone ., 
. $Watershed-area = 8.-2836; 

,. # The area. of the:fire'donjain generally should not 'beychariged. ' 

'# Watershed:area for near,by stream or pond' . 

. _  , , , L a '  . . , .,. - . . . .  . .  . .  

# The value' shoa represents 'most of the eastern'end of the site: from . 
. . . .  

' ".'# just west .of 'tlie 903 pad 'to'lndiana Avenue. . 

. . .  . . . . . .  ... .c . .  
. .  

. .  . . .  . .  . .  ' . . :  $Fire-d 
- . .  

$isround = 1; 
Si-inhalation =-I; . 
$iqlant = 1; 
$i-milk = 1; 
$i-meat = 1; 
$i-aquatic-food = 0; 
$i-drinking-water = 0; 
$i-soil-ingestion = 1; 
$i-radon = 0; 

4 * Siqlant $select_path = 1 * Si-ground + 2 * $i-inhalation + 
+ 8 * $i-milk + 16 * $i-meat + 32 * Si-aquatic-food 
+ 64 * Sildrinking-water + 128 * Si-soil-ingestion 
+ 256 * $i-radon; . .  

# The simulation will begin in 1971, the year for which we have the 
# proportions'of Pu and Am isotopes from Krey et al. 

# The following isotopic activities (pCi) are based on a unit mass of 
# total Pu in 1971-(100 g). Am-241was calculated from the decay chain, 

, #  beginning with 1 &it of Pu-241 in 1958 and no Am-241 and integrating 
# the Bateman-type equation to 1971, then using the computed Am-241:Pu-241 
# ratio and. the .given Pu-241 activity in. 197-1. to estimate Am-241 activity 

. # in.1971. 'These are normalized initial activities. The "true" initial 
# activities will be based on these values and the "true' Pu-239+240 
#'soil concentration for the 199Os, from which the 1971 value is back 
# calculated, allowing for leaching. From this value, the remaining 
#. initial values are computed. 

%ActNorm0 = ( "Pu238", 1.164El1, 'Pu239", 5.901E12, "Pu240", 1.103E12, 
. . . . . . .  . . . .  

: .  . . . . . . .  
. . .  . I '  . .: ' ; I  . . .  

i 

i 

i l  

' I  

'* I 

! 
I 

0 
! 

I 

0, 
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"Pu241", 2.255E13, "Pu242", 5.33037, "Am241!', 5.458311 ) ;  

# The actual initial values (pCi g"(-l)) will be calculated and 
# put into the following associative array by the program: 
%Act0 = ( nPu238", 0, "Pu239", 0, "Pu240", 0, "Pu241', 0, "Pu242", 0, 

"Am241", 0); 

# Specific activities (pci gA(-l)) given for reference: 
#%SA = ( "Pu238", 1.714313, "Pu239", 6.217310, "Pu240:', 2.279311, 

030E14 "Pu242" -3.91939, "Am241.", 3.433312 ) ; 

# Initial values: 

e year 2000 . 
#$Pu_239_240_GM = 17.1; geometric mean (pci gA(-l) ) 

= 1.26; # geometric standard deviation 
$Pu-in-soil-GM; -, , 

= $Pu-in-soil-GSD; 

# Uncertainty factor for 1971 Am-241:Pu-239+240 ratio 
Am-Pu-239-24O-GM = 1; 
Am-Pu-239-24O-GSD = 1.27; # Using .13+/-.03 from Krey et al., 

# we estimate GSD = 1 + 13/3 = 1.27 8 
# Uncertainty factor distributions for Kd (cmA3/g) 
# partition coefficients for Pu, Am, and U 
# (treated as independent) : 
$Kd-Pu-GM = 2300; 
$Kd-Pu-GSD = 5.6; 
SKd-Am-GM = 1800; 
$Kd_Am_GSD = 8.1; 
$Kd-U-GM = 2.3; 
$Kd-U-GSD = 5.4; 

# Uncertainty distribution (uniform) for total porosity: 
$eps-tot-min = 0.3; 
Seps-tot-max = 0.3; 

# Uncertainty distribution (uniform) for effective porosity: 
$eps-eff-min = 0.1; 
$epsieff-nGx = 0.17 ~ 

# Hydraulic conductivity of the contaminated zone (m/y): 
$Hydraulic-conductivity = 44.5; 

# Contaminated zone b parameter: 
Sbsarameter = 10.4; 

- __ - _  - 
~~ ~ ~- . _ _  - -- - _- _ - _  _ -  - _-- - 

. .  

# Uncertainty distribution (uniform) for precipitation rate (m/y) : 
$Precip-min .= 0.381; 
SPrecip-max = 0.381; 

# Runoff coefficient 
$Runoff = 0.2; 

# Transpiration coefficient 
$Evap-transp = 0.92; 

#-------------------------------------------------------------------- 
# Food and water parameters 
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. .  
# Soil bulk density . . . .  

. . . . . .  . . . .  , .  , .  ..... . . .  . . . .  ,' . . .  i - .  . .  
$rho-b = 1.8;# g cmA(-3) ' 

$Delta-z = 0.15; ' .#'thickness of contaminated 'zone (m) - ' . . ' 

$Mixing-depth = 0.03;:;.'- 
$Erode-CZ = 0; . # ,erosion ,rate of contaminated zone (yA(-1)) . 

. . - .  
'. , .. 

i . '  
'8 . . ,  . . .  ~ 

. .  

' . ' #  depth 'of soil 'avai1iibl.e .for *resuspensioG-(m) 

... ' .  $Root-zone = 0.9; # .depth of root .zone (m) 
. I  - . .  

. .  ' .  $Dilution-length = ,'3; '(m); 3 is RES- &fault 
. .  tation . ., ' . - . '  ..' . ' .  

. .  ,. , ? .  ' : I : *  .. _.._ . 
. . . .  .. * . ... .. .. i :, . .  : . ,  . .  

i. 
- ,. . .. 

. # Dietary intakes 
. . . .  . .  # DIET(1) -- Fruit, nonleafy 'vegetables, grain .(kg y"(-1)) "; ' " * -  

. . 5 . . : .  ': ' . 3 ,  . . .  .,. . . .  # DIET(2) -- 'Leafy vegetables. (kg ~ ~ ( - 1 ) )  ' . '  

# DIET(3) -- Milk (L ~ ~ ( - 1 ) )  

a'DIET(5) -- Fish (kg ~''(~l)).. :' :".. 
# DIET(6) -- Other seafood (kg yA,(-l)), 

. . . . . .  . .  - . . . .  .. ..! . .  .+ . ;,y I . : . .  . ' , #  DIET(4) --.Meat and poultry '(kg yn(-1)) , , 

- .  . . . . . . .  
@Diet = (190, .64;' 110; 95;-'.0;.'0) # annual -intake's as 'indicated - . ' '  " '  . . . .  

.. . 
I . .  .....I I .  

# Holdup times 
# .STOR_T(l) -- Fruit, non-leafy veg. ,. .grain (d) 

# STOR-T(3) -- Meat (d) 
# STOR-T(4) --.Milk (d) 
# STOR-T(S) -- Fish (d) 
# STOR-T(6) -- Crustacea, mollusks (d) 
# STOR-T(7) -- Well watqr (d) 
# STOR-T(8) -- Surface water (d) 
# STOR-T(9) --.Livestock fodder (d) 
@Storage = (14, 1, 1, 20, 7, .7, 1,- 1, 45); # holdup times as indicated 

# Fractions of water supply coming from ground water (vs. surface.water) 
$FGW-DW = 1; # Drinking water 
.$FGW-HH = 1; # Household water . 
$FGW-LW = 1; # Livestock water . . - .  
$FGW-IR = 1; # Irrigation water 

. . I  . .  
. .  # STOR-T(2) -- Leafy veg. (d) , . .  

. . .  . . .  

. .  . .  

. . .  . i .  , . _ .  

# Crop and forage parameter arrays 

# W -- wet weight crop yields (kg mA(-2)) 
# W(1) -- non-leafy veg. 
# W(2) -- leafy veg. 
# W(3) -- fodder 
@Yield = (0.7, 1.5, 1.1); # crop yields as indicated 

# TE -- length of growing season (y) 
# TE(1) -- non-leafy veg. 
# TE(2) -- leafy veg. 
# TE(3) -- fodder 
@Growing-season = (0.17, 0.25, 0.08); # growing seasons as indicated 

# TIV -- translocation factor 
# TIV(1) -- non-leafy veg. 
# TIV(2) -- leafy veg. 
# TIV(3) -- fodder 
@Transloc-factor = (0.1, 1, 1); # translocation factors as indicated 

<.. 
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# RWET -- wet foliar interception fraction 
# RWET(1) -- non-leafy veg. 
# RWET(2) -- leafy veg. 
# RWET(3) -- fodder . , 

@Wet-intercept = (0.25, 
indicated 

# RDRY -- dry foliar in 
# RDRY(1) -- non-leafy 
# RDRY(~) -- leafy veg. 
# RDRY(3) -- fodder 
@Dry-intercept = (0.25, fractions as 
indicated 

# Weathering constant f 
Lambda-weathering = 20; 

Transfer parameters for soil 
stored in a file in the \RESFtAD directory (RFSAL.D34). To use Monte Carlo 
methods to vary these parameters, we have to rewrite these files at each 

# iteration. The values used seem to be Bq kgA(-l) wet per Bq kgA(-l) dry 
# soil. We vary the ones for Am, Pu, and Np according to NCRP Publication 
# No. 129 Appendix D. 

# NOTE: The milk-GM value for Np in the RESRAD data base is 53-6 d/kg; 
# NCRP Report No. 129 gives 1E-5 with GSD 2.0. We retain the RESRAD value 

%Biv-GSD = ("Pun => 2.5, "Am" => 2.5, "Np" => 2.5); 

%Fmeat-GSD = ("Pu" => 1.5, "Am" => 1.5, "Np" => 2 .O) ; 

%Fmilk-GSD = ("Pun => 1.6, "Am" => 2.0, "Np" => 2.0); 
# Arrays for the sampled values 
%Biv = 0 ;  
%meat = 0 ;  
%milk = 0 ;  

$Biv_GM = ("pu" => 1E-3, "Am" => 1E-3, "Np" => 0 . 0 2 ) ;  

%Fmeat-GM = ("Pun => 1E-4, "Am' => 5E-5, "Np" => 13-3); 

%Fmilk-GM = ("Pu" => 1E-6, "Am" => 2E-6, "Np" => 5E-6); 

_ _ _  ~ - -~ - - - _. I__ - . - -#'The following par-meter controls the year for-which the 
# soil action levels are computed (it must correspond to one of the 
# output times given below: 0 = 1971, 29 = 2000, etc.). 
# At !present, --2000 and 2100 are the only options. 
$Scenario-date = 2000; # see line 864 for reading summary.rep file - 
changes need to be made 

# Inhalation rate (mn3 ~ ~ ( - 1 ) )  
$Inhalation-rate = 10800; # ICRP publication 23 

# Drinking water intake (L y"(-1)) 
$DW-intake = 730; - 
# Soil ingestion rate (g y"(-1)) 
$Soil-ingestion-rate = 75; 

# Fractions of time spent indoors and outdoors 
$ f rac-indoors = 0.6 ; 

~ 

$ f rac-outdoors = 0.4 ; 

Risk Assessment Corporation 
"Setting the standard in environmental health" 
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# Days each year spent on site 
$days-on-site = 365; 

# Building shielding factor for gamma rays 

.. _ _  . . .  ..:. . . .  . .  
. . . . . . .  . . . .  . . .  . I  ,.i . . .  

'''> :. . . . . . .  _ .  . . . . . .  
$Gamma-shield-factor = ($frat-outdoors + $frat-indoors * 0.5)'... . . .  : ' ,  . 

. .  . . .  . . . .  ...... I. .  . .  . .  . '. , , .  ., 

. . .  . . .  . . . .  
" .  * ' $days-on-si te ' / 3 65 ; 

. . .  . . . . . . .  . . .  i i  . . .  . . . . . . .  ' 3 .  
- -\. .- : 

# Dust reduction factor for indoor air 

. ,. . 
. .  . .  

. : '  

' .  $Indoor-dust-factor = 0.7; 

. .  # Intake rates by livestock for contaminated materials:. . .  

$Fodder-milk := 55;. .# kg dA(-l) ;.':$ , 

. . . .  : ,  ;<: : . .  
. . . . .  

$Fodder-meat = 68; .# kg dA(-l) 

$Watermeat = 0; # L d"(-l) , . 

$Livestock-soil = 0.5; 

. .  
, . : ,. . . .  . .  

. . . . . . . . . .  
. .  '.$Water-milk = 0; # L dA(-l) 

. .  

. .  
. #  Contaminated fractions of food &d . .  

. . . . .  . ; '  . . .  L..... :.,: ..; . .  
$CF-DW =-'O;. . # 'drinking water ..: ..- 
$CF-HHW-=-20;. :# household water 
$CF-LW I= 0; #. livestock: water ' .' ' 

$CF-IW = 0; # irrigation water ' .-  { .  
$CF-AQ = 0; " #'aquatic' food. . - 1 
$CFqlant = 1; # dietary vegetables '. 
.$CFmeat =.'l; # dietary .meat 
$CF-milk..= .I;. # milk . " '  . . 

. .  
. - .  . .  

. . .  . . . . . . .  * .  

. . .  . .  , .:\) ' j  " .  , , . . .  . . . .  ' i  .- . . .  . . . . .  

. .  

. :  . . .  
( . . .  

# Note: in file DIMENSON.DAT in the \RESRAD directory, 
# the variable N I Y  must be set equal to 5 
# for this arrangement to work. 
# T(1) = 0, 
# T(2) = 29, 
#- T(3) = 1029, 
# T(4) = 0;' 
# T(5) = 0, 
# T(6) = 0, 
# T(7) = 0, 
# T(8) = 0, . 
# T(9) = 0, 
# T(10) = 0, .. 
@T = (0, 29, 1029, 0, 0, 0, 0;'O;Oi 0); r .  ' # output times (years after-.1971) 

. . .  

. .  

. . . . . . . . .  . .  - 
. . . . .  

c: . .  .. 
. . .  . . .  - . .  

. . . .  ." . .  . .  . .  
. . . .  . .  .! . .  . .  - .  

. .  . ,.... : $ : - . .  .. , .  

. ,~ . . . . .  _ :  . .  !,, - . , .., . . . .  . .  . .  
. .  .., . 2 . 

# The parameters $aaO, $bbO, $ccO are interpolated from Table 4 -of 
# ANL/EAD/TM-82, Evaluation of the Area Factor Used in the 
# RESRAD Code for the Estimation of Airborne Contaminant 
# Concentrations of Finite Area Sources. The interpolation 
# is for particle aerodynamic diameter 1 micrometer ahd ~ 

# the value of $wind-speed given below. 

$WS-min = 3.7; 
$WS-max = 4.3; 
$Wind-speed = 0.5*($WS-min + $WS-max); . # average wind speed for Denver 

I 

I 
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# From Table 4.of ANL/EAD/TM-82 
@WS-tab = (1, 2, 5, 10); # tabulated wind sp 
@aa = (1.9005, 1.6819, 0.7837, 0.1846); 
@bb = (14.1136, 25.5076, 31.5283, 14.66 
@CC = (-.2445, -.2278, -.2358, -.2627); 
$Ntab = scalar @WS-tab; 

$aaO = linterp($Ntab, $Wind-speed, \@WS-tab, \@aa); 

$ccO = linterp($Ntab, $Wind-speed, \@WS-tab, \@cc); 

I .  - .  

$bbO = linterp($Ntab,-$Wind-speed, \@WS-tab, \@bb); - -  

1 L  
$New-area-factor = $aaO / (1.0 + $bbO * sqrt($Area)* 1 ,  
$Old-area-factor = sqrt($Area) / (sqrt($Area)+$Dilution-length); 
# Note: $Dilution-length was specified above and has a defa 
# value of 3.0 for the old methodology 

#---------------- 
# Save the curren 
# a copy that wor 

@Dimenson = ( 1  ; 
open(DIMENSON, "<$RESRAD-path\\dimenson.dat") I I 
for input"; 
while ($line = <DIMENSON>) 
( 

1 
' close DIMENSON; 

open(DIMENSON, ">$RESRAD-.path\\dimenson.dat") I I die "Cannot open 
for output"; 
print DIMENSON <<END-DIMENSON; 

push @Dimenson, $line;, 

22 3 36 32 1 0 70 /NANUC,NIY,NPD,NPTS,NS,IFTIM,NPDS 
0 89 76 76 67 /NT+(I,l),I=l,5 
125 89 76 76 67 /NTAB(I,2),1=1,5 
END-DIMENSON 
close DIMENSON; 

I .. 
#--------------------------~----------------------------------------------- . ,. 

- __ # Copy the RFSAL.* library from the \'RESRAD directory for temporary storage 
- - - # in the w3rking-directory. These files contain se-conversion factors, - ~~ 

# soil-to-plant transfer factors, and feed;,to-animal transfer factors. 
#-------------------------------------------------------------------------- 
for $ext ("D34") # for now we just work with .D34, but we can * 

# add other extensions if we want to do bncertainty 
, # on dose,conversion factors - .  . , 

{ 

1 
system "copy $RESRAD_path\\,TSAL.$ext.$Working-directory\\RFTMP.$ext >nul"; 

open(OUTDOSE, ">$outdose") I I die "Cannot- open output file $outdose"; 
print OUTDOSE 'Scenario: $Title\n"; 
$tmp = ($Version eq "old")?"5.61*:"5.82"; 
print OUTDOSE "RESRAD ve-rsion $tmp\nn ; 
print OUTDOSE "Total Annual Dose (mrem/year) for dates indicated:\n"; 
printf OUTDOSE "%d\t%d\t%s\t%s\n', $T[0]+1971, $T[11+1971, "Fire". 

open(0UTSAL. ">$outsal") I I die "Cannot open output file $outsal"; 
print OUTSAL "Scenario: $Title\n"; 
print OUTSAL "RESRAD version $tmp\n"; 

"Maximum" ; 

Risk Assessment Corporation 
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I 

i print OUTSAL "Soil action levels for Rocky Flats radionuclides (pCi/g)\nu; 
print OUTSAL "Annual radiation dose limit: $Dose-limit (mrem/year)\n';- 
print OUTSAL "Effective year: $Scenario-date\n"; 

print OUTSAL 'Pu-239 \tPu-240 \tPu-241 \tPu-242\nu; 
print OUTSAL "Am-241 \tNp-237 \tPu-238 \tu; I 

. l  

I 

# Save default future 
$T2sav = $T[21; 

for $imc (1 .. $mc) 
( 
RESTART : 

# Restore default 
$TI21 = $T2sav; 

. . .  ... . . . . . . .  i ..,. i . I .  
I I- 

. . . . . .  . .  I . .  . . .  . 1.4 . ..I - .... . . .  i . t .  :'<. .. 
output time (1029 years) . 

. . . . . .  
. .  

. . . .  . . . . .  
. . .  . . . .  I 

- .. 
. . . . . . .  . .... . 

. .  I .  . : . I .,. , 

. .  . .  , ' . "  4.< : , ~ . ,  

...... . . s -  .:,, ..I . .  . . . . . . . . . . .  . . . . .  . .  
. I  

~ 

:,. : \  

future output time 
I . - -  - .  .. 

t %  . . - .  I -  i 
. . . .  .. I .  . . .  . .  open(RADFILE, "<$radfile") I I die "Cannot open rad-fiie".;'. , '  . - .  ,. . -" :  . .  ; 

., open(XXFILE, ">$xxfile") I I die ".Cannot open output"fi1e"; ' .  - .  ' .  ~ . 
. . .  ., , <'..,, . . . . .  . . .  . . . .  

. .  . I  # Preliminary calculations 
# 
# (1) Estimate parameters related to leaching. 
# 

$Precip = sample("UNIFORM", SPrecip-min, SPrecip-max); . 

$eps-eff = sample("UNIFORM", $eps-eff-min, $eps-eff-max); 

$eps-tot = sample("UNIFORM", $eps-tot-min, $eps-tot-max); 

YA(-l) 

dimensionless 

. . . .  . , .. ,: >,.;:. , ; .,., :. 
*..., . . +  . . . . . .  

. . . . . . . .  . . . ,  . .  

. ,  . . .  # m  

. .  

: I  . 
# The following quantities are logno&1 uncertainty 

# estimates 
$Kd-Pu = sample("LNORM', SKd-Pu-GM, $Kd-Pu-GSD); 

$I = (1 - $Evap-transp) ( (1 - $Runoff) $Precip + $Irrig ) ;  

# factors, with GM = 1, which multiply the. nominal'- . .  . .  

. . ; - , -  , . $Kd-Am = sample("LNORM', SKd-Am-GM, $Kd-Am-GSD); . , . .  

$Rs = ($1 / $Hydraulic-conductivity)**(l. /(2. Sbjarameter + 3.)); 
$Leach-Pu = $I / ( $Delta-z *,$eps-tot * $Rs (1 + $Kd-Pu *','$rho-b 

. .  ; . : . . - . :  
. .  

. .  
. ., . .  

/ $eps-tot * $Rs) ) ;  

. . . .  . .  . .  . . . . . . .  .I _ L  . . 
# print DUMP "Kd Pu: $Kd-Pu \na; 
# print DUM@ 'Kd Am: $Kd-Am \nu; 
# .  print DUMP "Kd U: $Kd-U \n"; 

# (2) Initial values in .soil . 
# 

. .  . . -  . . . . .  . :. . .  

. .  I .  , .  

. . . .  

# Sample the pCi gAi-l) of Pu-239+240 .in the soii,. using 
# the distribution parameters given above 
$Pu-239-240 = sample ( "LNORM" , $Pu_239:24O_GM; $&239-240;GSD) ;.. ' 

# Use'Pu -leaching rate to adjust this .con-temporary. (year -2000) value 
# to 1971: .- . 
$Pu-239-240 *= exp($Leach-Pu * -29.0) ; .  ' . 

# Use the 1971 normalized activities to separat6' pU-23'9. &d 'Pu-240 ' 
$ActO("Pu239") = $ActNormO("Pu239"1 / "( $AdtNormO('Pu239") ' . '  
$ActO("Pu240") = $Pu-239-240 - $ActO("Pu239"); 

. . . . .  . . . . .  ./ . . . . . . .  
: , . .  

. . . . .  . .  . .  
: , ._: 1. I 

. .  

. .  + $ActNormO("Pu240") * $Pu-239-240; . .  

# Sample the 1971 Am-241:Pu-239+240 ratio and use it with, ' .  - '  

# the Pu-239+240 soil concentration to calculate.the . . ~. 

I 

I 
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. .  
, .  . I . .  . . . . . .  :..- . . . . . . .  

# Am-241 soil concentration in 1971. 
$ratio = sample(*LNORM", $Am-Pu-239-24O-GM, $Am-Pu-239-240-GSD); 

# same random adjustment. 

# Now compute the initial values of the remain 
$ActO{"Pu238') = $ActNormO("Pu238" 

# for resuspension. 

#*****  Resuspension flux ulation . 
# If $flux-ratio is 1, no future flux due 
#i I 

# 2 3  % 

# But if $flux-ratio exceeds 1, .the flux due to some fire exceeds 
# the current vegetated flux, and we use the uncertainty (GSD) 
# corresponding to our estimate of soil flux following a fire,, 
# which would likely produce a higher annual dose than the one 
# 
# is the default air concentration multiplied y the simulated !+ 

# flux ratio. 

# ( ( (  -- After the above comment, delete everything down to 
# ( ( (  -- about tricking R E S W  and replace it with the followin 

for contemporary vegetated conditions. The GM for a fire scenario 

# Probability of a'fire in any given year 
$p = sample ( "LOGUNIFORM", $pmin, $pmax) ; 
$Air-conc-2000 = sample("LNORM", $Air-conc-Pu-GM, $Air-conc-Pu-GSD); 
$fl~~-2000-0 = 5.383-5; # (mg mA(-2) ~ ~ ( - 1 ) ;  ground--level flux for 

$Delta-rO = ($flux-ratio-O - 1) * $flux-2000-0; 

if ($Delta-rO > 0 )  

# year 2000 with normal ground cover i 

I to fire ' %  # mg mA(-2) sA(-1); baseline incremental flux 

- - -  -_ 
I /I -- I - - - - _-  

I -_ ~ - --- - __ - (  - - ~ -  - _ _  
$Delta-r-tmp = s e("LNORM", $Delta-rO, $Air-conc-Pu-fire-GSD); 
$flux-ratio = fire-flux($p, $Leach-Pu, $Del 

I 
else . .  
t 

$flux-ratio = 1; 
I 
if ($flux-ratio > 1) 
( -  

# Compute RESRAD output time corresponding to year of fire 
$T[2] = 29 + $year-of-fire - 1; 
$Air-conc = $Air-conc-2000 * $flUX-ratiO; 

I ,.. 
else 
{ 

$T[2] = 1029; 
$Air-conc = $Air-conc-2000; 

I 
# ( ( ( (  -- End replacement 

Risk Assessment Corporation 
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* .  
. (  - .  I .  

.. ' 

# Here is where we trick RESRAD: . 
i. . . .  . .  . . .  

. .  
. $&-fact = $Air-conc / $Pu-in-soil-GM 

. . /  $New-area-factor; . ' #  mg mA(-3) 

# ( ( ( (  -- Add this: . .  

# In fire case, adjust $Pu-in-soil-GM factor'for leaching,. ".- ' ' 

if (Sflux-ratio > 1) { $&-fact *= exp(($year-'of-fire -.I) ' . .' 
. . .  . .  . , * $Leach-Pu); ) . 

. .  
. . . . . .  

# ( ( ( (  -- End add this 
# * * * * *  End of resuspension 'flux ratio calculation " ,  ' * .  . . . . . .  . , . '  . .  . . .  .~ 1 

# Possibly uncertain =SI& parameters' (pairwise :independent) . 
# First string is the variable name, exactly. as i't appears :in the 
# RESRAD .input file (Sradfile below). 
@var = ( . 

[ "AREA', ."CONST", '$Area, '0 1,. ' 

[ 'WAREA' , "CONST", $Watershed-area, ' 0 1 ,  
[ 'COVERO", "CONST',' 0, 0 1 ,  # Cover.'depth (m) 

. . . . . .  . .  . . *-.. , , .  '_ 
. %  

. . . . . .  . . .  . ,  , . . ' .  ' . . .  ... 
e. . ' . . .  

- ~. . .  . .  
I .  . . , . r . . . - .  .. .__ . 

"THICKO", "CONST", .$Delta-z,, 0 I ,  * ' I  ' # Thickness-.of contaniinated .zone 

, . # Length '(m) parallel . . . .  to;aquifer 

. . . . .  . . .  . . .  . _  . .  
I .  

, ,:. , (m) 

flow . . . .  . . . . . .  . .  
[ "LCZPAQ', "CONST", 3000, 0 .I.,..' 

[ "HCCZ" , 'CONST"., $Hydraulic-conductivity, -0 -'I., 
[ 'BCZ", '"CONST", Sbjarameter, 0 1 ,  ' . # .  "b parameter" for cz '" 

[ "DENSAQ", ,'CONST', 1.8, 0 1 ,  

[ '"TPSZ", "CONST", 0 . 3 ,  0 . 1 ,  -' # Total porosity,of SZ ' '  
[ 'EPSZ", "CONST", 0.1, 0 I ,  ' # Effective porosity of.SZ 7 .  

[ "HCSZ", "CONST", 44.5, 0 1, .# Hydraulic conductivity of SZ. 
[ "HGWT", "CONST", 0.15, 0 1 ,  # Hydraulic'gradient of SZ , 

[ "VWT", "CONST", 0, 0 1 ,  # Water table drop rate (m/y) 
[ "DWIBWT", "CONST"., .lo, 0 1 ,  # Well pump intake depth (m) '. 
[ "UW", "CONST", 250, 0 1 ,  # Well pumping rate (mA3/y) 

# Nondispersion model of .water. : [ "MODEL", "CONST", 0, 0 1 ,  

[ "NS", "CONST", 1, 0 1 ,  # Number of layers in UZ- 
[ "H(l)", "CONST", 3, 0 1 ,  # Thickness of UZ (m) 
[ "DENSUZ(l)', "CONST", 1'.8, 0 1 ,  # Density of UZ. (g/cm"3) 
[ "TPUZ(l)", "CONST", 0.3, 0 I ,  # Total porosity of U k  
[ "EPUZ(l)", 'CONST", 0.1, 0 I ,  # Effective porosity o'f 'uz 
[ 'BUZ(l)", "CONST", 10.4, 0 1 ,  # "b parameter" for UZ 
[ "HCUZ(l)", "CONST", 44.5, 0 1 ,  # Hydraulic conductivity, of UZ 
[ "DM", "CONST", $Mixing-depth, 0 1 ,  # Depth of' mixing' layer (m) , 

[ "DROOT", ."CONST", $Root-zone, 0 1 ,  # Depth of root zone (m) 
[ "RI", "CONST", $Irrig, 0 1 ,  # Irrigation rate (m ~ ~ ( - 1 ) )  

. .  . .  . .  . .  

. .  . .  

# .Den.sity.of saturated-zone 
,\ I . . '," . .  (g/cmA3) 

[ "LM", "CONST', $Dilution-length, 0 1 ,  .. ! ' : 

. .  . . . .  
. .  transport 

"WIND", "UNIFORM", $WS-min, $WS-maxl, # Wind speed (m/s) . .  

. ,  

[ "IDITCH", "CONST", 0, 0 I ,  # Irrigation mode (0 for overhead) 

I 
'RUNOFF', "CONST", $Runoff, 0 1 ,  # Runoff coefficient 
"VCZ", "CONST", $Erode-CZ, 0 1 ,  # Erosion rate for contaminated 

zone (yA(-1)) . -  - 
[ " I N H A L R " ,  "CONST", $Inhalation-rate, 0 1 ,  

[ "ED", "CONST", 30, 0 I ,  # Exposure duration (y) I 

# Inhalation rate (mA3 ~ ~ ( - 1 ) )  

[ 'SHFl", "CONST", $Gamma-shield-factor, 0 1 ,  I 

i 
# Building shielding for gamma rays 

# Dust reduction factor for indoors 

# Soil ingestion rate (g ~ ~ ( - 1 ) )  

[ "SHF3", "CONST", $Indoor-dust-factor, 01, 

I 'SOIL", "CONST", $Soil-ingestion-rate, 0 I ,  
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[ "DWI", "CONST', $DW-intake, 0 1 ,  # Drinking water intake (L y"(- 

[ "FIND", "CONST", $frat-indoors, 0 I ,  # Fraction of t 
[ "FOTD", "CONST", $frat-outdoors, 0 I ,  # Fraction of t 
[ 'LFI5*, "CONST", $Foddermeat, 0 1 ,  # Livestock fodder intake for 

[ 'LFI6", "CONST", $Fodder-milk, 0 I ,  

[ "LW15n, "CONST", $Water-meat, 0 1 ,  

[ "LWI6", "CONST", $Water-milk, 0 I ,  take for milk 

[ "LSI", "CONST", $Livestock-soil, 0 1 ,  

[ "FGWDW", "CONST", $FGW-DW, 0 1, 

1) ) 

meat (kg dA(-l)) 

milk (kg dA(-l) ) 

(L dA(-l)) 

(L dA(-l)) 

1)) 

groundwater 

groundwater 

groundwater 

groundwater 

[ "FGWHH", "CONST", $FGW-HH, 0 I ,  water from 

[ "FGWLW", "CONST", $FGW-LW, 0 I ,  

[ "FGWIR", "CONST", $FGW-IR, 0 I ,  

[ "FDW" , "CONST", $CF-DW, 0 ] , # Contam. frac. of .drinking water 
[ "FHHW", "CONST", $CF-HHW, 0 I ,  # Contam. frac. of household 

[ "FLW", "CONST", $CF-LW, 0 I ,  # 

[ "FIRW", "CONST", $CF-IW, 0 I ,  # Contam. frac. of irrigation 

[I 
[-J 

water 

water 

water 
[ "FR9", "CONST", $CF-AQ, 0 I ,  # Contam. frac. of aquatic food 
[ "FPLANT", "CONST", $CF_plant, 0 I ,  # Contam. frac. of plant food 
[ "FMEAT", "CONST", $CF-meat, 0 1, # Contam. frac. of dietary meat 
[ "FMILK" , "CONST", $CF-milk, 0 I ,  # Contam. frac. of milk 
[ "EVAPTR", "CONST", $Evap-transp, 0 1 ,  # Evapotranspiration coefficient 
[ "WLAM", "CONST", $Lambda-weathering, 0 I ,  

# Weathering rate for plant surfaces i 
(YA(-l)) 

zone (g cmA(-3) ) 
[ "DENSCZ" , "CONST", $rho-b, 0 1 , # Bulk density of contaminated 

[ "BRDL", "CONST", SDose-limit, 0 1 ) ;  # Annual dose limit (mrem/year) 
Snvar = scalar @var; 

# Compare-each variable name -in the file -with .the list -of =uncertain i__ 1_ ____ F 

__ 
~ -~ _ _  -~~ - - _ _  

# parameters in the array @var. Do a Monte Carlo sample for each hit, 
# or substitute for a "CONST" value when so indicated. 

LINELOOP : 
while ($line = <RADFILE>) 
{ 

@fields = split /= / ,  $line; 
$vname = $fields[Ol; 

I ' ,  .": 

Svname =- s / [  l+//g; 
for $ivar ( 0  . .  Snvar-1) 
{ 

if ($vname eq $var[$ivarl 101 ) 
( 

$dist = $var[$ivar] [l] ; # type of distribution 

# Generate a uniform random number 
do { $u = rand(l.O); 1 until $u > 0 && $u < 1; 

# Sample the distribution 

Risk Assessment Corporation 
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I 

@: 
. .  

. .  $value = sample( $dist, $var[$ivar] [21, $var[$ivarl [31 1';'. : 

., , . 1 . .  . ,  . . . . . .  
. I  

, .  $line = $vhame = $value,\ng; . 
' I ,  

" goto PRINTLINE; ' 

. .  . . . .  
I 'L 

' 1  . 
. . . . .  . , '_ I 

I 
, '  1 

if ($mame eq "TITLE" 
( 

, : i -  

. . . . .  . .  . .  . . .  
. . .  

L .. 
_ .  $line = ' TITLE = \'$Title\'.,\n"; ' :  

. .  
.. I [ . -  

. . . . . . .  
goto PRINTLINE; 

if ($vname eq "DFFILE") 
( - '  . 

. .  .. 
, . .  . .  * . .  

.I 
. . . . . . .  .j . . .  , . . . . . .  .: - .  . . . . . . .  . . . .  . .  

. I  

. .  . I - .  $line = DFFILE = \'$dffile\' ,\nu; 
. . . . .  

I .  
".  . .. . . . . . . .  . go.to PRINTLINE ; 

I . .  - ._ ; 1 
if ($vnde =-, /"T\'( [0-91+\)/) 
( 

. .  
. _.  : ._ 

. . . . . . . . . .  
" . . .  . . . . . . .  , - . . - . , , . .  . , ,  

' @part' = split / [ ( 1  I / ,  Svname; 
' goto PRINTLINE; ' . \  

. . . .  
. .  . .>. ' .  $line = ' T($part[l]) = $T[$part[ll-ll,\n"; , _  _ .  

. . ,  
:.. . . . . . .  

. . . . . . . . . .  _ . ,  . . . .  . .  . .  1 
'if ($mame =- ./"DIET\([O-91\)/) 
( 

. :'. : . . . .  

@part = split /[()I/, $mame; 
$line = DIET($part[l]) = $Diet[$part[l]-ll ,\no; ' 
goto PRINTLINE; 

1 
if ($mame =- /^STOR-T\([l-gl\)/) 

$line = STOR- 
go to PRINTLINE ; 

1 
if ($mame =- /"YV\ 
( 

@part = split / 
$line = $part 
go to PRINTLINE ; 

1 

( $part [ 1 ] ) = $Storage [ $part [ 11 -1 1 , \n" ; 

[1-31\) / )  

()I/, Svname; 
01 ($part[l]) = $Yield[$part[ll-11 ,\n"; 

if ($mame =- /^TE\ (11-31 \ )  / )  
( 

@part = split / [ ( )  1 / ,  Svname; 
$line = " $part [O] ($part [l] ) = $Growing-season[$part [I] -11, \nu; 
goto PRINTLINE; 

1 
if (Svname =- /"TIV\ ( 11-31 \ )  / )  
( 

@part = split /[()I/, Svname; 
$line = $part[O]($part[l]) = STransloc-factor[$part[l]-l],\n"; 
goto PRINTLINE; 

1 
if ($vname =- /"RWET\([1-3]\)/) 
( 

@part = split /[()I/, Svname; 
$line = $part[O]($part[l]) = $Wet-intercept[$part[ll-ll,\n"; 
goto PRINTLINE; 

1 
if ($mame =- /^RDRY\ 
( 

@part = split / [ (  
$line = $part[O 

I/,  Svname; 
($part[l]) = $Dry-intercept[$part[i]-l], \n"; 

I 
. .  . I  

'/ : 

. . .  . .  

1 

I 
t 

I , 
1 . !  

I 
i 

. \  

% '  
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0 

goto PRINTLINE; 
I 

'Ac-227', 'Arn-241', 'Np-237'. 'Pa-231', 'Pb-210', ',Pu-23 
, 'Pu-240t, 'Pu-241f, 'Pu-241J, 'Pu-242', 'Ra-226', 

# 'Ra-228', 'Th-228', 'Th-229'. 'Th-230', 'Th-232', 'U-233 

# S = 0, .3, 3*0, 1, 8.42, 1.58, 2*40, 1, ll*O, 
# w = 22*0, 

# 'U-235', 'U-236', 'U-238', 'LAST', 

# DCACTC = 2*20,-1, 50, 100, 6*2000, 2*70, 4*60000,-5*50, 
# DCACTUl = 2*20,-1, 50, 100,' 6*200q, 2*70, 4*60000,- 5*50, 
# DCACTS = 2*20,-1, 50, 100, 6*2000, 2*70, 4*60000, '5 
# RLEACH = 22*0, 
# SOLUBKO = 22*0, 

if ($mame eq I Svname eq "D 
( 
# K-d values for contaminated zone, 
# saturated, zone, 

$line = 
$line = $line." 6*$Kd_Pu, 2*70,,, 4*600 

$mame = 20, $Kd-Ah, -1, 

# Nuclide activities (pCi/g) 
( 

# Note: 1E-10 is a negligible nonzero initial value for 
# the activity of Np-237 to trigger RESRAD to-compute 
# a soil action level for this nuclide 
$line = S = 0, $ActO(\"Am241\"), 1E-10, 2,*0 ,\n"; 
$line = $line." $ActO(\"Pu238\"), $ActO(\"P~239\~),\n"; 
$line = $line." $ActO(\"Pu240\"), $A~tO(\~Pu24l\"),\n:; 
$line = $line." $ActO(\"Pu241\"), $ActO{\"Pu242\"), ll*O , \  
goto PRINTLINE; 

I 
if ($mame eq "MLINH") # mass-loading for inhalation 
( 

$line = 'I MLINH = $ML-fact ,\XI"; 
goto PRINTLINE; 

I 
if ($vname eq "MLFD") # mass-loading for foliar deposition 
( 

$line = " MLFD = $ML-fact ,\n"; 
goto PRINTLINE; 

1 
if (Svname eq 'PREC 
I 

- - - - - - _  - - .  - - - =- - -  ~ - -  - - ~ - - -  -- - -  - -  - 
~~ 

$line = I' PRECIP = $Precip , \n" ; 
goto PRINTLINE; 

1 
if ($vname eq "TPCZ") 
( 

I 

$line = TPCZ = Seps-tot ,\n"; 
goto PRINTLINE; 

1 
if ($vname eq "EPCZ") 
I 

$line = EPCZ = Seps-eff , \n"; 
goto PRINTLINE; 

) 
if ($vname eq "SELPATH" ) 
I 

$line = SELPATH = Sselectqath ,\n"; 
goto PRINTLINE; 

Risk Assessment Corporation 
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Task 5:.Independent Calculation 

. .  

. .  

PRINTLINE : 
print XXFILE "$line"; #-$line may be the one read in or an alteration 

1 
close RADFILE; 
close XXFILE; 

. ! : - _ . .  , . ,  . .  
. . ,: . .  . . .  . 

# Sample transfer.parameters for Pu, Am, and Np 
# and make formatted string represenFations.of their .values': 
for $elem ("Pun, ;Amn, "Np") 
( 

. .. - .. . . 
. I  . .. 

I .  - . .  . .  
., , 

. ,  

. .  . .  $Biv($elem) =', sprintf '%. 1E", 

$Biv($elem) =- S/E([-+])OO([O-~])/E$~$~/~; 
$Rneat($elem) = sprintf "%;lEn, :' ' . 

.$Flneat($elem,) =- s/E( [-+].).OO ([0-9]) /E$1$2/g; ,' ' ., . ' * ; 

' ' sample i "LNORM" , $Biv-GM( $elem) ,' $Biv-GSD( $eiem) ) ; . 

sample ('"LNOFW', $F'meat-GM($elem), . $meat-GSD($elem)') ; '- ! . ' -  ' 
sample( "LNORM', $l?milk-GM($elem), $Fmilk-GSD($elem)) ;' ' 

' ' - ' 

. .: 

. ' ,. - .  $Rnilk($elem) = sprintf "%.lE", ,. .. . 

. . . t  _ . .  . 
$F'milk($elem) =- s/E( [ -+I  )OO( [-0-9]) /E$1$2/g; 

. .  .-: ' 1 

# Make a script file for a call'to the.batch .editor sed. 
# 
# replace the transfer factors on the lines beginning with 
# "Pun, 
open (SCRIPT, ">$Working-directory\\script") 

1 1  die "Cannot open script file for sed"; 

. .  . 

The script will direct sed,to read.the file RFSAL.D34 and , 
I 

'e", and "Np" with the sampled values just c.omputed. ! 

. .  

print SCRIPT <<END-SCRIPT; 
/ " Pu/c \ \ 
Pu $Biv("Pu") $Fmeat('Pu") $Fmilk("Pu") 
/^Am/C\\ 
Am $Biv("Am") $Fmeat("Am") $Fmilk("Am") 
/ "Np / c \ \ 
NP $Biv( "Np") $Rneat("Np") $Rnilk("Np") 
END-SCRIPT 

close SCRIPT; 

# Now have the system call sed and point it to the script file 
# and FSSAL.D34 in the \RESFWD directory. The necessary 
# command string is long, so we do it in several pieces. 
$cmd = "sed -f $Working-directory\\script"; # first piece 
$cmd .= $Working-directory\\RFTMP.D34"; # second piece 
$cmd .= " >$RESRADqath\\RFSAL.D34"; # tail 
system "$cmd"; # system command 

#--------------------------------------------------------------- 
# Move $=file to \resrad and execute RESMAIN3 
#----------r---------------------------------------------------- 

system "copy Sxxfile $RESRAD_path\\$xxfile >nul";# suppress DOS copy 

die "Cannot cd to $RESRADsath" unless chdir "$RESRAD_path"; 
system "resmain3 $=file 0 >nul" I I die "Cannot execute resmain3"; 

system "erase $=file" 1 1  print "Cannot erase $=file from SRESRADsath"; 
die "Cannot cd to home directory" unless 

message 

chdir "$Working-directory"; 

e 
I 
! 

! 

i 
I 

i 
, 

I 

I 

I 
I 

l 



I 

Task 5:. Independent Calculation A-17 

#------------------------------------------------------------------ 
# Get the radionuclide concentrations in the contaminated zone 
# for each output year and store them in the hash array %conc 
# for later use. 
#------------------------------------------------------------------ 
%cone = 0 ; 
open(CONCENT, m<$RESRAD_path\\concent .rep") 

I I die ("Could not open concent.rep"); 
$found = 0 ;  
for $count ( 0  .. 2) 
( 

while ($line = <CONCENT>) 
( 

if ($line =- /Concentration of radionuclides in environme 
( 

$found = 1; 
last; 

1 
1 
for (1 . .  7) ( $line = <CONCENT>; ) # skip next 7 

# Iterate over the tabular list, one line for each ra 
# This list contains not only our principal radionuclides, but also 
# all descendent species, which we wish to exclude (because RESRAD 
# will implicitly include these descendents in its calculations). Thus, 
# we must look at each line and see whether the nuclide name in the 
# first field matches some name in the array @nut-name. If so, 
# the line corresponds to a principal radionuclide, and we store 
# the number in the second field, which is the nuclide concentration 
# in the contaminated zone. Otherwise, we move to the next line. 
# A line with the pattern @-------" marks the end of the table. 
while ($line = <CONCENT>) 
( 

last if ($line =- / - - - - - - - / ) ;  
chomp $line; 
$line =- s / " [  I+//; # delete initial spaces 
@field = split / [  \t]+/, $line; 
$name = $field[Ol; 
$found = 0; 

# Is this nuclide in the list of principal nuclides? 
~ 

- ~ -. _ _  - _- -- - - - ._ __ - -  - - ~  - _ _  -name) _ _ _  I 

if ($- ne $name) ( $found = 1; last; 1 
1 
if ($found == 0 )  ( next; ) # not in list 
else # yes, principal radionuclide; put in hash array 
( 

$conc($namel [$count] = $field111 ; 
1 

I 
1 -  
close CONCENT; 

#--------------------------------------------------------------- 
# Recover the dose estimates at times 0, 29, and $T[2] y, 
# corresponding to 1971, 2000, and date of the fire. 
#--------------------------------------------------------------- 
open (SVMMARY, "<$RESRAD_path\\summary.rep") 

1 I die ("Could not open summary.rep') ; 
# Look for the phrase "Total Dose TDOSE", which occurs only one place 
# in the file 

Risk Assessment Corporation 
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-- Task 5: Independent Calculation 

$found = 0; 

'. . .  

while ($line = <SUMMARY>) 
( 

1 
if ($found == 0 )  
( 

if ($line =- /Total Dose TDOSE/) ( $found = 1; last; ) - .  

close SUMMARY; 
goto RESTART; 

1 

# BEGIN replacement 
for (-1 _ .  4 )  ( $line = <SUMMARY>; ) # skip 3 lines and retain the 4th 
khomp $line; # remove \n character from end of line 
$line =- s / ~ [  I+//; # remove initial space characters 
@field = split / [  \tl+/, $line; 
for (1 .. 2) ( shift @field; 1 # remove "t (years):' 
@dosedate = 0 ; 
for $f (@field) ~ 

( 

I 
$line = <SUMMARY>; # get 'TDOSE(t) :"  line 
chomp $line; 
$line =- s / " [  I+//; 
@field ="split / [  \tl+/, $line; 

push, @dosedate, $ f +1971; 
1 ,- 

# remove initial space characters 

# split the line at spaces or tabs 
# and put the fields in an array. 

shift 4f ield; # remove a label field 'TDOSE(t) : 'I 

# For the maximum dose, we use either (a) the maximum of the tabulated 
# values at or beyond the scenario date, or (b) the maximum dose 
# calculated by RESRAD if the calculated time is >= the scenario date. 
# 
# First set up default case (a) 
Sdosemax = 0; 
for $i (0 .. (scalar @field)-1) 

# Change awkward formatting such as 2.43E+003 to 2.43E+3 
$field[$i] = sprintf "%.3G", $field[$i]; 
$field[$i] =- s/E[+] OO/E+/; 
printf OUTDOSE "%s\t', $field[$i]; 
if ($dosedate[$i] >= $Scenario-date) 
{ 

1 
if (Sdosemax < $field[$il) ( Sdosemax = $field[$il; 1 

1 
for (1 .. 2) { $line = <SUMMARY>; ) 
@field = split / [  \t]+/, $line; 
$&ax = $field[2]; 
$ t m a x  = $field[7]+1971; 
# Change awkward formatting such as 2.43E+O03 to 2.433+3 
Sdosemax = $dmax if ( $ t m a x  >= $Scenario-date); # case (b) 
Sdosemax = sprintf "%.3Gn, Sdosemax; 
Sdosemax =- s/E[+]OO/E+/; 
printf OUTDOSE " % s o ,  $dose=; 

$fire-date = 200O+$year_of_fire; 
#*** * *  Modified to show fire/no-fire information at end of line 

. if ($flux-ratio > 1) ( printf OUTDOSE "\tF %d 
%.2G\nU,$fire-date,$flux-ratio; ) 

# * * * * *  End mod 
else ( printf OUTDOSE "\tN 2000 %.2G\nn,$flux-ratio; ) 

I 



#---------------------------------------------------------------- 
# For each radionuclide, determine the fraction of the total dose 
# that is from inhalation and plant ingestion (resuspension 
# pathways). 
#---------------------------------------------------------------- 
%resusp-frac = , ( )  ; 
# Thi-s, search finds year t = 0 (197.1) 

. ,- 

last if ($line =- /Water Independent Pathways/); f - I - _  - 
. \  

* _ .  
for $i (0 .. 1) 

I 

# the fire year for $i = 1 
while ($line = <SUMMARY>) . <  

last if ($line =- /Water Independent Pathways/) 
1 ., . 
for (1 .. 4) { $line = <SUMMARY>; ) # skip down to tabular lines 
for (1 .. 7) # iterate overzadionuclides in the table 
{ 

. $line = <SUMMARY>; 
$line =- s/"[ I+//; # delete initial spaces 
@field = split / [  \tl+/, $line; 
if (Si == 0) { push Qnuc-name, $field[Ol; 1 

# $field[2] is the fraction of the dose due to ground 
# $field[4] is the fraction of the dose due to inhalation, 

# $field[8] is the fraction from plant ingestion, 
# $field[lO] is the fraction from local meat, 
# $field[l2] is the fraction from local milk. 

# $field[l4] is the fraction from soil ingestion. 
# These pathways are directly fed by resuspension. In the 
# case of plants (produce), nearly all of the dose comes 
# from foliar deposition rather than root uptake. For 
# meat and milk, a fraction is from the animal's ingestion 
# of soil, but we neglect this. The remaining water-independent 
# pathways are external dose and direct ingestion of 
# contaminated soil. Water-dependent pathways are included 
# in the complement, but these are assumed to be negligibly 

{ 
# This one finds t = 29 (2000) for $i = 0 and 

# dependent on resuspension. 
_. - - - - _  - - Sresusp-frac($field[O]) [Si]- = $field[41_. 

+ $field[l21; 
# print STDERR "$field[O]: $field[41 $field[8l\nN; 

1 

# get total fractions of dose for year 2000 if $flux-ratio<=l, fire year 
# if $fluc-ratio>l 

$line=<SUMMARY>; 
$line=<SUMMARY>; 
$line =- s / " [  I+//; # delete initial spaces 
@field = split / [  \t]+/, $line; 
if ($flux-ratio>l && $i == 1) 
{ 
print DUMP "$i $field[2] $field[4] $field181 $field[lOl 

$field[l2] $field[l41"; 
1 
if ($flux-ratio<=l && Si == 0 )  
{ 

Risk Assessment Corporation 
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. .  

print DUMP "Si $field[%] $field[4] $field[8]. $field[lO] 
. . .  . . .  

. .  . . . .  . .  . . . .  . . -. . .  , 
-. _. ._ , . I ._ 

. .. . . . . .  . . .  . . . . .  . . . . .  ._ , . .  . .  , 

. .  . .  

# Now search further in the file to locate the RESRAD-calculated 
# SAL values for the principal radionuclides. These are the values 
# determined by the 15 mrem maximum annual dose criterion. 
#----------------------------------------------------------------- 
$found = 0; 
while ($line = <SUMMARY>) 
( 

- I .  

if ($line =- /Single Radionuclide Soil Guidelines/) 
{ 

$found = 1; 
last; 

,I I 

1 
1 
die 'Pattern /Single Radionuclide Soil Guidelines/ not found" 

for (1..4) ( $line ='<SUMMARY>; 1 # skip 4 lines 
%sal-array = ( 1  ; # storage array 
for $i (1..7) # iterate over the 7 lines of the Guidelines table 
{ 

.- if ($found == 0); > -  

$line = <SUMMARY>; 
chomp $line; 
$line =- s / ~ [  I+//; # remove initial space characters 
$line' =: s /  [ * I  //g; ' # remove asterisks 
@field = split / [  \t]+/, $line; 

# split the line at spaces or tabs 
# and put the fields in an array. 

$name = $field[Ol; 
shift' @field;# shift past radionuclide name 
shift @field;# discard 1971 value 

$sal = $field[Ol ; # this is the value for 2000 
-if (Sflux-ratio > 1) { $sal = $field[ll; 1 

# Adjust soil action level from 1971 to 2000 as baseline year 
$sal *= $conc{$name) [l] / $conc{$name) 101 ; 
printf OUTSAL "%.2En, $sal; 
if (si < 7) { print OUTSAL "\t"; 1 -  
else { print OUTSAL *\nu; 1 
$sal-array{$name) = $sal; # store SAL for possible later use 

1 
# END replacement 

close SUMMARY; 
if ($imc % 5 == 0) { print STDERR "$imc"; 1 
else { print STDERR " . " ; I  

close OUTWSE; 
close OUTS=; 
# copy summary.rep to current directory 

system "del $Working-directory\\summary.rep >nul"; 
system "del $Working-directory\\concent.rep >nul"; 
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system wcopy c:\\resrad\)summary.rep >nul"; 
system "copy c:\\resrad\\concent.rep >nul"; 

#--------------------------------------------------------------- 
# Restore DIMENSON.DAT file in directory \RESRAD 
#--------------------------------------------------------------- 
open (DIMENSON, a >$RESRAD>ath\\DIMENSON. DAT" ) 

for $d (@Dimenson) 
I I die "Cannot open DIMENSON.DAT for restoration"; 

print DIMENSON "$d"; 

close DIMENSON; 

#--------------------------------------------------------------- 

system "copy $RESRADqath\\summary.rep $Working-directory\\summary.rep" 
if ($nmc == 1); 

print STDERR 'I \nDone\n" ; 

#--------------------------------------------------------------- 
# End of main program 
#--------------------------------------------------------------- 

# Front-end subroutine for Monte Carlo sampling. 
# Calling sequence: 
# $value = sample("LNORM", $GM, $GSD) ; 
sub sample 

local ($type, $pl, ,$pa) = @-; # arguments: distribution and 2 parameters 
local ($u, , -$rv) ; 
if ($type eq 'CONST") 

if ($type. eq "UNIFORM") { $33' = 0.5: ($pl+$p2) ; 
elsif ($type eq "LOGUNIFORM") ( $rv = sqrt($pl*$p2); 
else ( $rv = $pl; 1 

1 

unifoky distributed [0,1] random number 
do { $u = rand(l.O) } until $u>O && $u<l; # discard 0 and 1 
SWITCH2 : 
( 
$IV = NORM-sample($pl, $pa, $u), last SWITCH2 if ($type eq "NORM"); 
$rv = LNORM-sample($pl, $p2, $u) , last SWITCH2 if ($type eq "LNORM" ) ; 
$rv = UNIFORM_sample($pl, $p2, $u), 

$rv = LOGUNIFORM_sample($pl, $p2, $u), 
last SWITCH2 if ($type eq "UNIFORM"); 

last SWITCH2 if ($type eq "LOGUNIFORM"); 

Risk Assessment Corporation 
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. .  

. , '  . .  - . -  . . . .  . .  
die "Distribution type not 'found in sihroutine :sample"; >-Y' ' .  . ' 

. . . . . .  1 
. . .  . . . .  . . .  . .  - - .. 

1 
return (Srv)'; - -  

, .  I . . '  . . .  . . .  . . .  . .  . . .  . , .. . -  

. . . . .  . . .  . . . . .  
. . .  ... . . . . . . . . .  . . .  i ' _  . I . , .  

. .  . -  . .  

1 

sub linterp 
( 

. .  

. . . . . .  . . . . . .  ' '  . ! s:. . .  I .- - .  
. . .  . .  . .  . j  ..<. 

. . . . . . . . . .  local ($N = shift); ' 

local ($x = shift) ; 
I .  2 . .  . . . . . . .  . local (Spxtab, '.Spytab) = 0-; 

. .  
. .  ' '. : .. - local (Si, $found = 0); -, . 

. .  
. . . .  

. . . . . . . .  . .  ._ . . . . .  ,for-$i ( 0  :. $N-2) . _. . _  
. . . . . .  . . . . . . .  I . . .  . . . . . . .  . - , ~ .  : .I 8 :5'" . . . .  . . . . .  . . I  . 

., . ( '  . .  
. . . . . . .  . . .  . . .  "local ($xO = $$pxtab[$i~) ;' -. . .  

. . .  _ .  .. ~ ,local ($xl -= $$pxtab[$i+ll ) ; . ' 
, - .- 

... next if. ( !  ($x >= 'SXO && $x'< $XI)); 

'local ( ~ y l  ='- $$pytab[$i+ii ; i j  . '  . 

.. , 

. . .  . . .  . .  % - . .  . . . . . . .  . I .  .. . . . . .  . . . _ . _ .  , . , .  . .  . .  : :.loca~'.-;i'$+~ .'='2$$pyt- [si j ) ; . .  

1. , . I_ . . .  :. 1 . . .  . .  . . .  . .  2 ,  

- I. 

. . .  

. .  
. .  

. ' ' local ($y =,$yO.+,t$yl 0) / ($xl-$XO) * !$x-$xO)) ; 
. . .  

. . . . .  . . .  . . . . . .  ' .  .~ . .  . .  
. . .  

- .  
. .  ' . . $ f o ~ d  ~ ' 1 ;  . . 

. .  
: . last;. . l: . ' '! . .  

. .  1 '  . .  

if. ( !$found) . . 
( . .  

if ($x >= $$pxtab[$N-11) { return $$pytab[$N-11; 1 
if ($x <= $$pxtab[Ol) ( return $$pytab[Ol; 1 

1 
else 
( 

return $y; 
1 

1 

#--------------------------------------------------------------- 
# Subroutine %fire-flux estimates a flux ratio: fire / no-fire. 
# If the returned ratio is 1, we assume no fire and use the flux 
# for year 2000 ground cover. 
#--------------------------------------------------------------- 
# Arguments: 
# p = probability of a fire in any specified year. 
# alpha = decay-rate coefficient for Pu radioactivity in the soil. 
# rO = worst-case estimate of flux ratios. This would be the value for 
# a fire that occurred in the first year considered, with 
# unvegetated soil that persisted for the entire year. 
# Internal random variables: 
# f = random modifying factor to adjust for fire area 
# g = random modifying factor to allow for such influences as the 
# time of year the fire occurs and the distance of the fire's 
# location from the scenario subject 

# ( ( (  -- Replace the entire fire-flux subroutine with the version below: 
sub fire-flux 
{ 

# Parameters 
local $p = $-[O] ; 
local $alpha = $-ill ; 
local $Delta-r = S-121; 
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# Other variables 
local $ratio; 
$year-of-fire = 1; 
local ($N = 1000, $M = scalar @Burn-area); 
local $f, $9; # random modifying factors 
local $m; # random index for burn area 

# global variable to be calculated 

local Srtemp; 
local $chi-star; 

# Otherwise, there is a fire.' Compute modifying factor $€,  

estream array 

hi-star = $fires 
# concentration (Bq m"(-3)) per unit flux from the circular 
# burn area (mg mA(-2) s"(-1)) \ 

$u = rand(l.O); 

$rtemp = (1.0"+ $chi-s Delta-r / $Air-conc-2000) 
$g = 0.5 * $u + (1.0 - 

I 

* $g * exp( -$alpha * (Si-1) 1 ;  
if (Srtemp > $ratio) 
( 

$ratio = Srtemp; 
$year-of-fire = Si; # set global variable 

1 
1 
$ratio = 1 if ($ratio < 1); 

Risk Assessment Corporation 
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DO-GRAPH . PL 
#!/usr/bin/perl -w 

. . . . .  . . . .  . . .  . . .  .J- .  . - .  
. . . . . .  . . _ . .  - .  

~ . .  
- . . . .  . .  .. 7 - .  . . ._ - .. 

. .  ..  . . .  . . .  . .  ' . . * .  
' ..,. _ .  

- .  -,, . ;  ., L' .,. 
. .  -. . . .  . . I  . . . . .  . .  .\ '. ' 

. . . . . . . .  - ,  . . .  . .  . . ^  . .  
. . .  

. .  # usage for ASR 
# usage per1 do-graph-pl mc " 

# the files mcsal-dat, which is a copy.of mcsal.prt must be in the, 
# .  aefault directory . .  

.# end usage ASR 0 9 / 2 1 / 9 9  

. .  
, .  . . .  

. $:. ... * . . -  
. . . . . .  . .  

. 'die "Usage: do-graph.pl name-field" if (scalar @ARGV != 1);. . .  . . . .  
I,' 

. . .  . . .  $name = $ARGV[Ol ; . . ,  , 'I . . 
if (-e .$(name)graph.dat") ( system "erase $(name)graph.'dat"; j 

# 1 + number of points plotted per logarithmic dec $N = 50; 

$Pu = 1 / $factor; 

. .  . . .  
. .  . . . .  - .  - .  . -  :.>.-) 5 . .  . .  Sfactor -=.,em( log!lO.)Ls,/. $?. 1 ;  . -, . % ^  

. . . . .  . . . .  . . . . . .  . .  . . . .  . . . . . .  ._ . .  . -,., ' . : i " 
. . -. . 

. . .  
do . 

. .  , 3 

.. , 
, .: , . -. 

. . .  . . . . . .  
. (  

. . .  . . . . . .  ,,; 2 ...... ' . . ' - : < - . .  . .  1 
! -  

BEGIN-LOOP: 
$PU *= $factor; 
$cmd = .'tm,e ${nameIsal 
$cmd .= "lawk \"\{print 
open (FEEDBACK. Scmd) I 
$- = <FEEDBACK>; . 
chomp $-; 
$P = $-; 

dat lperl sratio.pl SPulperl. cgnprob,pl l.On,; 
. 1 . -  . , . ........ > :>. ::I *;.. 

. . . .  . . . . . . .  l-\$l\I\~l"; . .  
die "Cannot 'open ,FEED&CKm ; !, : .'*. " - ' - '  ' . I .  '' . 

. . . . . .  . . _  .. & .  . . .  . . .  

datlperl sratio.pl $Pulper1 7 .  cumprob.\pl , - ._. 1.0"; A,. 

l-\$l\I\U I "; ~ 

die "Ca&ot open ,FEEDBACK' ; 
. . .  . . . . .  . . .  .; ' L  . . .  . _ _ ~ _  . 1 

.. 
I - ' I  

: . .  . . . . . . .  . .  

goto BEGIN-LOOP if ($p <= 0); 
system "awk \"BEGIN {print $Pu,$pI\" >>$(name)graph.dat"; . -  I until $PU >= 10000 1 1  $p == I; 

open(TEMP, "<$(name)graph.dat') I I die "Could not open $(nameIgraph.dat for 
input ; 
Qx = 0 ;  
QY = 0 ;  
GET-TEMP : 
while ($line = <TEMP>) 
{ 

chomp $line; 
$line =- s / " [  I+//; # remove initial spaces 
@field = split / [  \t]+/, $line; 
$field[ll =- s / [  l+//g; 
next GET-TEMP if ($field[O] <= 0 I I $field[ll <= 0 I I $field[Ol eq " 0 "  

push @x, $field[O]; 
push @y, $field[ll; 

I I $field[ll eq " 0 ' ) ;  

I 
close TEMP; 
$nx = scalar ex; 

# Tabulate x-values corresponding to 5%, lo%, 20%,  and 50% 
@PO = (.OS, .l, . 2 ,  .5); 
@xO = ( 1  ; 
$np = scalar @PO; 
for $i ( 0  .. $np-1) 
( 

SP = $pO[$iI ; 
JCRIT : 
for $jcrit (0 .. $nx-1) 
( 

$j = Sjcrit; 
last JCRIT if ($y[$jcrit] > $p); 

I 
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. .  . . .  I '  

: .  

$xi = $x[$j-ll + ~ $ x ~ $ j l - $ x ~ $ ~ - 1 1 ~ / ~ $ ~ ~ $ ~ l - $ ~ ~ $ ~ - l l ~  

push @xO, $xi; 
* (SP - $y[$j-ll); 

1 
open (TEMP, ">$(name}table.txt") I I die "Cannot open ${name)table.txt for 
output" ; 
for Si ( 0  .. $np-1) 
( 

1 
printf TEMP "%.Of %%\t%G\n", $pO[$i] * 100, $xO[$i]; 

close TEMP; 

# Determine plot area for graph 
JMIN : 
for $j ( 0  .. $nx-1) 
{ 

$jmin = $j ;  
last JMIN if ($y[$j] >= 0.01); 

1 
$ jmin--; 
$jmin = 0 if (Sjmin < 0); 
$xmin = $x[$jminl; 
$pin = 0.01; 
JMAX: 
for ($jmax = $nx-1; $jmax >= $jmin+l; $jmax--) 
{ 

1 
$jmax++ unless $jmax == $nx-1; 
$xmax = $x[$jmaxl ; 
SYmax = 1; 
Sxminqower = int( log($xmin)/log(lO) ) ;  
if (lO**$xminqower > $xmin) { Sxminqower--; 1 
#$yminqower = int( log($ymin)/log(lO) ) ;  
#if (10**$yminqower > $pin) ( Symin-power--; 1 
$xmaxqower = int( log($xmax)/log(lO) ) ;  
if (lO**$xmax_power < $xmax) { $xmaxqower++; 1 
#$ymaxqower = int( log($ymax)/log(lO) ) ;  
#if (10**$ymaxqower < $ymax && $ p a x  <= 1) I $ymaxqower++; 1 
$xmin = lO**$xminqower; 
$xmax = lO**$xmax-power; 

last JMAX if ($y[$jmaxl < 1); 

- - __ 
- _ _  .- - -# Write a jgraph script-for plotting-theygraph _ _  _ _  - _ _  1 -- - 

-- __ - 
open(GRAPH, ">".${name}. "graph. jgr") 
output" ; 
print GRAPH <<ENDGRAPH; 
newgraph 
border clip 
x-translate 1 
y-translate 1 
xaxis min $=in max $xmax log hash-labels font Helvetica 
label font Helvetica-Bold : Plutonium-239+240 (pCi/g) . 
yaxis min $ymin max $ymax log hash-format- G hash-labels font Helvetica 
label font Helvetica-Bold : Probability of exceeding annual dose limit 

newline pts shell : awk \"{print \$1,\$2}\" ${name)graph.dat 
ENDGRAPH 

I I die "Could not open $name.jgr for 

close GRAPH; 

# R u n  jgraph to compute the PostScript file of the graph 
# * * *  For Art's version, comment this out 
#system "jgraph <${name}graph.jgr >${name}graph.ps"; 

Risk Assessment Corporation 
"Setting the standard in environmenU health" 
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exit; 

.. , .., . . . . . .  
. . .  ... ..: . . .:L . . . . .  . . . . . . .  . .  
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. . .  . . . . . . .  . . . . .  .. I.. . . - ,  a % . : . . . .  
. .  . . .  . .  _ ._ .  . . . .  -:.. ', ; L.: 

. . .  . . .  .. I . 
. .  . .  . .  .: ' . . ' .  : ~ . : 1. - .  

. . . .  . . .  _ .  1. 1 . 

- .. . . .  . .  . .  

8 .  ... . . .  
. .  . . . .  

* . .  

. /  . > .  , . 1  

_ .  . , .  

i 
I 

I 

..:: ' . - . -  . : . . .  

. . .  



(*A-27 

CUMPROB . PL 
#!/usr/bin/perl -w 
# Usage: cumprob.pl x <dist-file >value of CDF at x 

die “Usage: cumprob.pl x <dist-file“ if (scalar QARGV != 1); 
$x = $ARGV[Ol; 
$ma-less = -1E90; 
$min_greater = 1E90; 
$N-less = $N-greater = 0; 
@xi0 = 0 ;  
while (<STDIN>) 

$- =- s / ” [  I + / / :  

for $xi (@xil) 
( 

if ,($xi == $x) 

$N-less++; 
1 
elsif ($xi == Sximin) 

1 

t 

I 
else 

$N-greater++; 
< -  

r L 
$N-less += 0.5; 
$N-greater += 0.5; 

I .  I 

/ / ‘ >  ” I ;- 1 
$max-less = $min-greater = $xi; 

1 
elsif k$xi < $ 
I 

- - - ._ - -_ __ - - -  - - -  - . -  - -~ - 
~ .~ - - - 

$N-less++; 
$rnax-less = $xi if ($xi > $max-less); 

1 
else 
( 

J 

x -  $N-greater++; 
$min-greater = $xi if ($xi < $min-greater); 

1 
1 
if ($max-less == $min-greater) 
( 

1 
elsif ($max-less == -1E90 && $min-greater < 1E90) ( $prob = 0; I 
elsif (Smax-less > -1E90 && $min-greater == 1E90) { $prob = 1; 1 
elsif ($max-less == -1E90 && $min-greater == 1E90) ( $prob = -1; 1 #error 
else #interpolate 
I 

$prob = $N-less / (SN-less + SN-greater); 

$pl  = $N-less / ($N-less + $N-greater); 

Risk Assessment Corporation 
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$p2 = ($N-less+l) / ($N-less + $N-greater); 
$ml = $max-less; 
$m2 = Smingreater; 
$prob = $pl + ($p2 - $PI) / ($d - $ml) ($X -. $ml); . 

1 
print "$prob\n"; 
exit; 

SRATIO. PL 

.. . .  , i l  ,:,.-, :.' ., I . 

, .  

.. . . .  . . .  

. . I .  : e , . .  
. .. .I . . .  

.. - . . .  
. . ?  ~ . -  _ . I _  .... 

. _. .: . . .  . , .... 

. .. 
. .  r 7  , I -. 

. .  #!/usr/bin/perl -w 
# sratio.pl cal.culates the distribution of the sum of ratios given 
# an estimate of Pu-239+240 in the soil, using ratios of the;isotopes ,' . . ' .  
# in the year 2000 and the distributions of:,soil action levels'for. 

# 

. .  . .  

. .  
# the several isotopes. . . .  . 

# Usage: sratio.pl Pu-239+2&0 in pCi/g <SAL-table .>S-ratio-distribution . . .  
. I . ,: .'. ' 

, . . .  . .  
I . '  y. 

die "Usage: sratio-pl Pu-239+240 in pCi/g <SAL-table >Sir  

. :, < :: . -. . . : .. , 
. .  . 

. . .  , .I , ~ ' 
if ( (scalar @ARGV) != 1) ; 

. .  .. . , -. . . .  
. ,  . ' 

# The following data are isotope-specific ratios relative to 1 pCi 
# of Pu-239+240 in the soil in the year 2000: 
$isorat = ( "Am-241" => -11123, 'Np-237" => 7.8553-7, "Pu-238" .=>'.01319,. 

. .  

"Pu-239" => .8428, 'Pu-240" => .1572; 'Pu-241" => .7980,, ; .  . , .  . . . "Pu-242" => 7.6163-6 ) ;  

$Pu-239-240 = $ARGV[Ol; 
for $i (1 . .  6) { $line = <STDIN>; ) 
chomp $line; 
@isoname = split / [  \tl+/, $line; 
$niso = scalar @isoname; 
while ($line = <STDIN>) 
( 

chomp $line; 
$line =- s / " [  I+//; # lose any initial spaces 
@field = split / [  \tl+/, $line; 
last if (scalar @field < $niso); 
Ssratio = 0; 
for $i (0 .. $niso-1) 
( 

$name = $isoname[$il; 
$name =- s/[ \tl//; 
Ssratio += $Pu-239-240 * $isorat($name) / $field[$il; 

1 
die "sratio is zero" if (Ssratio == 0); 
print "$sratio\n'; 

I 
exit; 

. .  . . .  .. . . -  I. . 

. . .  



%I 
p APPENDIX B 
3 

ALTERNATIVE GROUNDWATER DOSE CALCULATION FROM 
MEAS MENTS BY LITAOR 

[; 

Risk Assessment Corporation 
"Setting the standard in environmental health" 



. .  

. .  



. .  

. . . .  . . . .  . . . . . . . . . . . . . . . .  . . . . . . .  , . .  , .  I , . . , . .  ,. . .  

. . . . . . .  
. . . . . . . . .  . . . . . . . .  - . .  . . . . .  .. . . . . . . . . . . . . . . . .  . .  - . . . . . . . .  -. 

. .  

P APPENDIX B 

ALTERNATIVE GROUNDWATER DOSE CAL 

B 

MEASUREMENT 

i 

The groundwater pathway for 
’ (RSAL) analysis begns in the ye 
at Zero and become contaminated only after leachate from the contaminated zone reaches the 
aquifer. Using the =RAD model, contaminant travel times from the conta&nated zone- to the 
aquifer were greater than 1000 plutonium and americium isotopes. Because the 
maximum dose for all scenario e first-ye& of exposure (year 2000), doses from 
groundwater sources are zero for all scenarios. in Section B.2.2, adding the 
groundwater pathway with the 1 m y-’ irrigation r ecreases -the RSALs &because the 
additional water from ion depletes radion 
without the water. 

Unpublished measurements made by I. Litaor et al (1999), however, $have $indicated 
plutonium add americium are already present ’in the groundwater underlying the Rocky Flats 
Plant (RFP). ‘Transport mechahisms not considered in the RESRAD’ model ’(and most 
groundwater transport models) are suspected to be the driving*sforce behind the migration of 
plutonium to the groundwater. Therefore, it is not possible given the time and budget constraints 
of this project to incorporate these processes in the RSAL calculation. Nevertheless, we believe 
some assessment of the groundwater pathway should be made using the data compiled by Litaor. 
Appendix B provides such an assessment. We attempt -to put the groundwater pathway .into 
perspective by computing ingestion doses assuming the Risk Assessment Corporation (RAC) 
exposure scenarios and the measured concentrations. These results provide some measure of the 
potential impact of groundwater doses on the RSALs. 

B.2 PLUTONIUM AND AMERICIUM MEASUREMENTS IN GROUNDWATER 

Litaor and colleagues have been studying the movement of plutonium in soil around the RFP 
over the last 5 years (Litaor et ai. 1998, 1996, 1995, 1994; Litaor and Ibrahim 1996). In an 
unpublished draft of his work, he reports 239Pu and 241Am concentrations in interstitial pore .water, 
runoff, and seep water. These measurements were made during the spring and early summer of 

--_-- ___= - -- --__ - -- ---- __ - - - - --__ - - _ _ _  ~- __ - -_  - - __ - - 

1995, where in surface soils, normally unsaturated and aerobic conditions became saturated and 
probably anaerobic during an unusually wet period covering 65 .days. A calibrated numeric 
groundwater model suggested that 103,000 m3 -of water .was discharged through the outflow 
boundary. The numeric simulation agreed extremely well with measured effluent discharge from 
a holding pond that presumably collected all the upslope groundwater flow. 

Litaor observed that most of the plutonium (-90%) in pore water was associated with 
colloids (0.1 nm to 0.45 pm) and larger particles (>0.45 pm). However, as chemical conditions 
changed to anaerobic, more plutonium (-25%) was associated with the dissolved phase (particles 
c 1  nm). It was suspected that prolonged saturated conditions coupled with reducing conditions 
led to enhanced dissolved phase actinide migration for a brief period of time. 

Risk Assessment Corporation 
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. The groundwater model in RESRAb. does ' not account for colloidal transport, nor is it 
.capable of incorporating geochemical changes or transient infiltration events such as those that 
.bcci&edi.in.: tlie'spnng .&d eariy summer of 1995. TO. account for these'iiiefiCie.ncies~ :in the 
RESRAD model, we have included this alternative groundwater:. 1̂ I . .  assessment. This assessment 
uses .the data measured Litaor, combined with drinking water ingestion rates and ICRP 
Publication 70 dose conversion factors .to calculate the doses one- would have received had they 
been drinking water discharged from the site. We do not attempt to include this assessment in the 

' :,RSAL . . . .  .calculation: To do,go, .would. require a complete reevaluation, of the scenarios aqd other 

. .  .I._ 

. 

. 

. .  
. . 

' . ':. ; factors. .: e a t  affect action levels.. These, dose calculations &e .prese.nted!here I .  to, . . . . .  ,(a). address dose . . .  
om th? site..& it currently stands qd. . (b)  ... ad cies . . b  in . .   the^.&& & .  , ... . . 

.. . . . . . . .  -.. :groundwater , -model; .) . .  1 

. . . . .  . .  . . . . .  . .  . I .  
, I. . ; t , : *  

. *  , .? $ 1  .:. . ,  ...: . - .  

. . . . . . . . . .  . _ .  B.2.1 Conce&al:Model,,i . . . .  ; ._ . . .  : . . . . .  : ,!?.;.:'*;'.' . 
. .  

, .*., . .  

. . . . . . . .  . . . . .  . . . . . . . . .  . .  ! '  _ . . ,  
/ .  , . I .  , .  ,. I .  . .  . .  ,'. . .  

:iy .Litaor measured ,concentrations in interstitial pore water in eig 
; a depth..of: 6.6 m, and also ... in seep water and surface qnoff,,  

believe its a credible scenario for someone to consume interstitial 
. 

. . .  m) .,because, most of the ;time these soils are unsaturated and, therefore? .it would make 1: . s .  little . sense 
, . to drill a well into these layers.;Below this depth, water' tends to be present,in places year ........ round, 
r depending on 1ocation:A scenario where someone drinks. surface runoff is also not considered, I . ,  . .  to 

be credible because this would most certainly be an unreliable, water source. The .scenarios 
cqnsidered then involve. water .consumption from three sources: a well drilled down to a depth 

.::, To compute the concentration in water .discharged from the study area, we divide,ddthe 
plutonium and.americium flux estimated to have been released from the area (24 and 4.3,.'@q, . ' 

respectively) by the total amount of water discharged during the measurement period ( l..X.105 
. .  m3). This calculation results in water, concentrations of 0.0087 pCi L-' and 0.0015 pCi,:L-' for 

' . 

, . .  
>3 m, seep water, and discharge water from the study area. ? / I .  

. .  u9/24% and 241Am, respectively. . .  

Table B-1. Concentrations of u9/L40pu and 241Am in Pore Water, Seep water, and Runoff& 
Measured by Litaora 

(m) (pci L-') (pci L--') (pci L-') (pCi L-') (pci L-'1 (pci L-') 
Depth Mean 239n40pu Min 239n'%u Max 239n% Mean 241 Am Min 241Am Max 2*fArn 

<0.2 99.9 1.48 877 18.5 0.137 178 
0.2-0.4 15.2 0.133 287 2.22 0.022 40.7 
0.4-0.7 5.55 0.030 62.9 0.888 0.001 9.62 
0.7-1 -5 0.85 1 0.019 3.40 0.115 0.01 1 0.444 
1.5-2.0 0.255 0.067 0.999 - 0.052 0.007 0.130 
2.0-2.7 0.270 0.003 1.33 0.041 0.001 0.115 
2.7-4.2 0.107 0.001 0.666 0.028 0.003 0.115 
4.2-6.6 0.059 0.018 0.192 0.027 0.007 0.115 
sw-53 7.29 0.777 17.8 1.23 0.093 3.15 
Runoff 20.7 0.007 77.7 3.70 0.137 1 21.8 
Concentrations were converted from becquerels per liter to picocuries per liter. 
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Doses were calculated for an adult, .child, andinfant. Weused the same water ingestion rates 
for these receptors as defined by the RAC scenarios. That is, water ingestion rates of 1, 1.5, and 
2 L  d-' for 365 days per year were used for the infant, child, and adult rancher scenarios, 
respectively. We also assumed no filtration was in place so that all suspended plutonium in water 
was ingested regardless of particle size. ICRP Publication 70 ingestion dose conversion factors 
were used throughout the calculation. . 

* 

.B.2.2 Results 

239~u-Maximum 

Measured activity concentrations decreased as a function of depth. Consequently, the deeper 
the well, the lower the annual dose (Tables B2 through B-4). Doses from the ingestion 'of seep 
water were .highest and ranged from a minimum of 0.56 mrem to a maximum of 13 mrem for the 
adult receptor. Doses .were higher for adult compared to <the child or in ecause of higher 
water ingestion rates. Doses from the ingestion of discharge water-ranged 0.0057 mrem for 
the infant to 0.0067 mrem for the adult. These doses would be close to those received by offsite 
individuals who drank water from one of the reservoirs (Standley Lake) that receives water from 
Woman Creek because it represents mean concentrations in the water discharged from the 
Doses from the ingestion of well water were less than 1 mrem. 

There are currently no receptors who consume seep or well water at the site. This calculation 
is intended to put the potential for radiation dose from groundwater sources into perspective. 
While we believe the likelihood of using groundwater at the site as a primary drinking water 
source in the near future is small, doses from drinking such water are near the 15 mrem dose 
limit. Radionuclides in well and seep water are transient in nature and the measurements 
represent upper bound values that were measured during a 65-day period while saturated 
conditions existed in the soils. These conditions do not represent typical conditions at the site and, 
therefore, these doses must be considered as upper bound estimates, at least in the current time 
frame. Based on these calculations, additional study and environmental monitoring is 
recommended to assure radiation dose from the groundwater pathway for future receptors is 
minimized. 

Well depth or 
source 

. .  

2.7-4.2 m 

4.2-6.6 m 
sw-53 
Discharge Water 

Infant Child Adult Infant Child Adult Infant Child Adult 
(mremj (mrem) (mrem) (mrem) (miem) (nuern)' (mrem) . (mrem) . ,(mrem) 

. .  . I  

0.061 0.059 0.071 0.00063 O.ooo61 0.00073 0.38 0.36 : , . 0.44 

0.033 0.032 0.039 0.010 0.0097 . 0.012 0.11 0.1 1 0.13 

4. I 4.0 4.8 0.44 0.42 0.51 . 10 . 9.7 ' 1 2 ;  , ' 

-0.0049 0.0047 0.0058 NIA NIA ' .NIA . NIA 4 NIA. . ' :  NIA 

Risk Assessment Corporation 
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. .i 
WeU.depthof ’: 

‘.2.7-4.:2 m : - ; ‘ ’ e ’  

sou& : .:; , ; 

. . 4.2-6.6 m 
’ sw-53 ’ 

Discharge Water 

B-4 Radionuclide Soil Action Level Independent Review 
. .  Task 5: Independent Calculation 

I .  , . : .‘.241 . I  7 ’ . .  .:  . . 2 4 1  . _  ’ . .  

. I n f i t  ’ ‘Child ’ :’ Adult Infant. Child Adult . infant Child . -  Adult 
(mrem) . ( n k m )  (mrem) ( m m )  (mrem) (mrem) (mrern)’.. (mrem) ’ (mrem) . 

i.0.014’- : :.0:012 I ’ 0:015 0.0013 . . O.bO12 0.0014 0.057 :’ .O.OSl 0:MO 
0.014 0.012 0.014 0.0037 0.0033 . 0.0039 0.057 .. 0.051 0.060 
0.61 0.55 0.65 0.046 0.041 0.049 1.6 1.4 1.7 
0.00077 0.00069 0.00083 . NIA. . .N/A NIA NIA NIA NIA 

.;,. 
Am- M L n  m Minimum ’ -  ’ 24‘Am-Maximum ’ - . . . . .  , . 1  . _  . ‘ ’ 

. . ’ . . . .  , .  . 

Litaor, M.I., D. Ellerbroek, L. Allen, E. Dovala. 1995. “A Comprehensive Appraisal of Plutonium 
239+240 in Soils of Colorado.” Health Physics 69: 923-935. 

Litaor, M.I., G.R. Barth, E.M. Zika. 1996. “Fate and Transport of Actinides in Soils of Rocky 
.Gats, Colorado.” Journal Environmental Quality 25: 1746.  

Litaor, M.I., G.R. Barth, E.M. Zika, G. Litus, J. Moffitt, and H. Daniels. 1998. “The Behavior of 
Radionuclides in _the Soils of Rocky Flats, Colorado.” Journal Environmental Radioactivity 
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k original .source' document -are also sometimes provided. In some cases, especially when we are 
mostly . .  interested ih the relative results from a single study, only the units from the original source 
document are provided. To convert values to different units, consult Table H-17-in the Annex to 

. .  

this appendix. 

SOURCES OF BACKGROUND ENVIRONMENTAL PLUTONIUM 

Global Fallout from Nuclear Weapons Testing 

Atmospheric nuclear weapons testing is the largest source of plutonium in the environment 
(Harley 1979). Radionuclides formed in nuclear weapons tests are summarized in Holleman et al. 
(1987). Weapons-grade plutonium is composed primarily (weight-basis) of "h, but it also 
includes 238Pu, 2%, 241Pu, and 242Pu. In nuclear explosions, both fission and fusion weapons 
release plutonium; these releases are derived from unused plutonium (that does not fission) and 
from neutron capture reactions, which create the majority of the higher mass isotopes-2''ol?u, 
241Pu, m2Pu, and 243Pu. The quantities of 242Pu and 243Pu produced are very small. Very large 
quantities of 24'Pu are produced. However, 241Pu decays primarily by weak beta emissions, and its 
radiological impacts are much less significant than those of the primary alpha-emitting plutonium 
isotopes--usPu, u ~ u ,  and 2%. Other heavyelement radionuclides are also released in nuclear 
weapons tests, including 237U, ? N p ,  and 241Am. Uranium-237 and 23%p have relatively short 
half-lives of about 7 days and 2 days, respectively, and they would not persist in the environment. 
Americium-241 builds-up in the environment as a result of 241Pu decay; therefore, it is present in 
the environment in significant quantities relative to the primary alpha-emitting plutonium 
isotopes. This appendix concentrates on the primary alphaemitting plutonium isotopes 238pU, 

Eisenbud (1987) summarizes the history of nuclear weapons testing. Atmospheric testing of 
nuclear weapons started in New Mexico in July 1945. The majority of tests were performed by 
the U.S., former Soviet Union, United Kingdom, France, and China. Most of the atmospheric 
tests were performed in the 1950s and the early 1960s, before the signing of an atmospheric 

and 2"opu. 

I 
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. '  nuclear weapons test ban agreement.in 1963 .b~  the U.S., the former Soviet Union, and the United 
Kingdom. The announced .atmospheric tests are is.uwgiEdL:in able H-1, with estimated yields 

. .  

given in units of megatons of TNT, which would produce an equivalent explosive yield. 

nuclear 1 weapons -.testing. Because. nuclear exRlos 
fireball> is formed after the explosion, The expzpdi 

Holleman et ,al. (1987) provides a s u m  of the-atmospheric& transport of fallout from 
reate ,extremely high temperatures, a 
all can rise many kilometers, carrying 

s from the expl-osion with, it, and it reaches greater.altifude for.higher yield weapons.,At low 
00 kilotons, all oftthe debris remains in the troRosphere (lower 

gatons), 90 to 99% of the debris reachess the stratosphere. 
hich the fireball initially injects the 

mary of Announced 

' 1952-1953 -3 . i J  21 17 

* 1964-1980 22 , 21 

423 547 

, Mountains, alter wind currentsrresulting in a downward mixing of-higher altitude air, which may- 
.increase ~ - e  ground-level airrconcentrations of fallout on the lee side of the mountains (the side 
that is sheltered from the wind). High mountain passes and the lee side of mountains generally 
receive more precipitation than surrounding areas, which may increase the wet deposition of 

or meteorological reasons, material from the stratosphere is .transferred into the 
troposphere pn over'the middle latitudes (about 40; to 50" latitu'de) (LkSCEAR 1993). 
Thus, the greatest amounts of fallout from large tests, which reach the stratosphere, are eventually 
dishbuted i n  -the 'middle latitudes, with lesser amounts distributed toward the poles and the 
equator (UNSCEAR 1993). The RFP is in the middle latitudes, at a latitude of about 40" north. 
Distribution of fallout from lower yield tests is dependent on the location of the explosion. 

The small particles of debris from atmospheric nuclear weapons tests may remain in the 
atmosphere for quite some: time. For material that reaches the stratosphere, residence times are 
generally determined to be about 2 to 4 years. Thus, tests that inject debris into the stratosphere 
generally do not produce the highest ground-level fallout concentrations until about 2 years after 
the explosions. 

- 
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. i ;  , . '  '.In 'April 1964,"a was ;launched from California. ,P& of the 
payload WAS &,auxiliary power-generator'(cal1ed SNAP;9A);'which containedfl7.kCi (6.3 x 10'4 

L Bq) 238,h (Harley 1979)L',The :rocket system failed; add the 'satellite-reentered the :atmosphere. in 
'the 'southem lienhspheie;. bumirig up upon r&ntry"at'about 50-kr;l(30-mi) .dtihde. Essentially all 

' :of &e :plutonium activity 'was =8Pu.' -The$irst ' ~ V a l .  3n':the' northem hemisphere:of '3% fallout 

..: !conkii6uteiia. small amount to .the ljackground, total .plutonium in the RFP area (six Table .H 
. .  from ,the ' S&llite ..bumup .:was' -me&&ed! in' e ~ l y : 4 9 6 6  ;ip'.,Idy: .'This T:source iof ,plutonium 1 

. .'a general comparison).. . .  
I 

. .  
,.' . .  

_ .  . .. . 
. ,  A number, bf ;sources of .localized plutonium exist in the ,environment, .including 'both 

releases .from ..nuclear. processing ;facilities and releaies from other 5 accidents (Harley 1979). 
' .  . Releases from'localized sources arettconfined to.' '. wer atmosphere and, thus, :+e not globally 

distributed. The.Nevada Test Site:QfI'S), in 'so Ne.vada, was used for . . ,  ,&st; detonations of 
small nuclear weapons up through- 1961; safety ;tests;'k which the .high .explosives in nuclear 
weapons were detonated (with plutonium in the tested.:device); Plowshare. explosions (using 
nuclear explosions for, peaceful pui-poses); and accidental ,venting of underground weapons tests. 
A considerable amount of unfissioned plutonium was distributed from these tests. Material from 
the NTS was distributed at least as far away as Salt Lake City, Utah (about 600 km 1370 mi] from 
the NTS), and-it may .have contributed small amounts to:the.plutonium deposition in Colorado. 

' . _  

... . . . . . 

. The chemical explosives in nuclear.weapons exploded -in two incidents, following crashes of ' U.S. military aircraft. The'frrst occwed in Palomares; Spain,, in 1966, and :the second in Thule, 
Greenland, 'in' 196S:Soth resulted in loCAI dispersion 'of:plutonium from. the weapons; 

:A n u d e r  of the 'U.S. "atmospheiic nucle8;r weapons',tests ..were'.performed in the Pacific 
Oceah, -Bt 'Bikihi and Enewetak' Atol1s:Because large: quantities of plutonium were produced in 

France, India, and' the'United Kingdomhave also released significant quantities of plutonium 
.:..io oceans, in effluents'ind as packaged w&e for,disposalt(Harley 1979). Essentially all .of this 

' 

' these.tests, there,was significant plutonium deposited in. thelocal area around thetests. ' 

' ,  . 

I , , .  . . ; - .  . :., , ~ , -  . i  ; ;. ..  .. material h8s remaiiied in the' oceans , . . . .. :  . 

. , I .  ? . ! . .  . '  . , : ..,-:. . . . -, - , : *  I. ' _. .: . . .  

F, ' .  ' ~ t . .  :i ;.: +.;> . ,  . .  '+ . , .  I 
~. 

, .  . .. ' , .  Table.HY2: . i . t . !  Estima.t&~Plutonjum ., :,.... r Inyentoe& , '  ., , .. - ,  * (kCij . ..-... in So& ) .  in . 1970.' " 

Total : : . .  .7.7 ~t 0.9 . ... 13.4 g 2.2 

a Based on measurements of plutonium from numerous locations (Harley 1979). 
' t  

I 

I 

Several U.S. Department of Energy '(DOE) weapons plants in the U.S. process plutonium, 
and releases have occurred from some of them (Harley 1979). At the Mound facility in Ohio, a 



- 
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occurred from the H 

measurements at a nu 
weapons tests- and. 

The plutonium pro ium, consisting primarily of 
2 3 9 ~ u .  Plutonium from 

.. * .  

for stratospheric air samples for 1959-1970. The average measured ratio for 2%d239Pu was 0.18, 
for 241Pu /q~u  during 1963-1967 was 0.0138, for 241Pu/239Pu during other years was 0.01 18, and 
for 242Pu/239pu was 0.0034. While there may be slight differences in isotopic ratios in samples .of 
global fallout plutonium, the isotopic ratios for RFP plutonium are significantly different than 
those for global fallout material. These significant differences can and have been used to 
differentiate between RFP and global fallout plutonium and to determine which source dominates 
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so.Table' H-10). The most frequently .used ratio.is 2 ~ u / ' 3 ~  
,compared ,to other isotopes results in smaller'uncertainties. 

. . . . .  .. I .  . . .  ; , :  . ; . , . I - ,  (I 1 Ib :.i. ' s .  : . 

. .  

. ... . -  .". _. ~ . _ .  . .  
. .  . -  

. '  I 

, .. , ._ r .  . .  . . '  

' 8 .  
. .  

. .  . .  . .  

. . .  

. .  

. .  

. .  . , ' . .  

. .  .. - 
. ._. 
. .  . .  ., . . . .  . .  
:.:. 

";, . . . . . . .  : '' '%In uszng background concentrations of plutonium in the 'environment for comparisons with 
'concentrations-ne& the RFP, it can-be'important to recognize tempotal trends (changes with time) 

rd trena in fallout plutonium concentrations is because of the 
1 which were'theWloutplutoii.i$m Source:,Bennett (1978): s u i z e s  

Ac nuclear weapons tests -(see Tableg.H-4). The 

. 

. . . . .  ; 1 fi . ' . . . .  ' .:. 
:, 

. . .  
. I  .. ~ 

. .,. . . . . .  . .  ? .  

Table H-4. Summary of Estimated Total Explosive 
.y; . . . . .  - . . . .  

( I .  . .p 
. .  . .  

. .  . .  
. . . .  

. .  . .  
... 0.75 . . . .  

, .. . . .  60.52 , , , . 61.27 
92.06 

-173.45 
30.79 

. .  8 1.39 

. .  

........ . . . .  
A. . , 

. . .  51; .>:, :\ ' , ' .  . .  ! .: ...'96~1giil, .: i 

: ' >  , : . z*! : :  _... I. 
. .  

122.43 295.88 .. . .  
... 1962 217.40 5 13.28 .~ 

. . _  . .;JS?@l-1970 . . 2 1.23 534.5 1 
?i; _ .  ... . . . . . .  , . .1971~1974, 6.46 540.97 

. .  ,; Ii976-1978 , :. 1 .  4.'16 545.13 
.. , : .. r 7 ,  , . ' 

We examine the temporal trends in fallout plutonium by reviewing modeling predictions 
ed by,Bennett (19 We do not rely on these predictions for explicit, quantitative uses; 
presented to . .  give * . . .  preciation of'the general trends. 

. .-.., -Bennett (1978) used .this.hfo&tion about the timing of weapons testing, the locations of 
' - @e-. detonations, ~. and . an ' atmospheric . transport model to predict fallout concentrations of 

._ plutonium and americium in surface air in the middle latitudes of the northern hemisphere. 

. .  concentrations.' The air concentrations of plutonium from global fallout vary considerably over 

. . 'concentrations around the RFP are compared to background concentrations. Because of the 
' seasonal changes in -&ixing.'of air masses, there are also seasonal trends 'in' fallout air 

cpncenpations; at 'ground . .  level (Holleman et al. 1987). For short-term .air concentration 
. -: .. measurements, these seasonal trends should be considered. Because our major focus of this report 
.rc,iis soil&mples, the se.&on+ . ." L.. Fends are not examined in more detail. 

..*;,I.;. , :'. . *  
. .  

. . .  ' . . Table H-5 shows the predicted air concentrations of 239*2'%u, and Figure H-1 is a plot of these 

. . . . . . . . . .  time. It is important to consider this temporal trend of air concentrations when measured 

. .  

_ .  - .  . 

. .  

. . .  . . . . .  
. . r .  

. . .  
. I .  . . .  , .  

I !  . . , .  . 
. . . .  . .  
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. .  . ~ .- , 

from Nuclear Weapons Testinga 

Year Cokentration 

1950 ' 0  
1951 0.0001 
1952 ,0.0022 
1953 0.03 1 
1954 0.097 
1955 0.16 
1956 0.14 
1957 0.19 
1958 0.25 
1959 0.33 
1960 0.1 1 

Ye& Concentpkion 

1961 0.089 
1962 0.54 
1963 1.18 
1964 0.58 
1965 0.25 
1966 0.1 1 
1967 0.054 
1968 0.042 
1969 0.056 
1970 0.062 

'1971 0.066 

: I - 
Year ' Concentration 

~~ 

1972' I 

1973 , ' 
1974 
1975 
1976 
1977 
1978 
1979 
1980 

~ 

0.032 B 

0.021 ( (  

0.028 , 1 

0.017- 
0.0083 

1 0.044 
0.018 
0.007 1 
0.0028 

a Source: Bennett (1978). 
- ~- - 

~ _ _  - - A _ -  _ _  - - -~ - - -  I 
. _. . -  - -~ - -  

~ - 

'.l, . 
Bennett (1978) also used the atmospheric transport model to predict deposition rates and 

cumulative deposition of plutonium and americium in the New York reg These predictions 
are shown in Table H-6. The predicted cumulative deposition of 239,240, tted in Figure H-2, 
along with the cumulative yield of the weapons tests for comparison. The predicted cumulative 
deposition follows the same general shape as th after the lag time because the 
residence time of the material in the stratosph r. The temporal trend in the 
cumulative deposition of fallout plutonium s ered -when comparing RFP- 
influenced soil sample results with background c d  be especially important 
when comparing samples taken at different times. We note that the predicted cumulative 
deposition of plutonium from nuclear weapons fallout reaches about 90% of its predicted 
maximum value in'1968, and it reaches 95% of ma.& m in 1971 (this is relevant to the 
background soil samples discussed later in this appendix lthough these predicted depositions 

3 8  

are for New York, they should also be relevant to the RFP area because both locations are in the 
middle latitudes. 

I , Risk Assessment Corporation 
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Table H-6. Predicted Deposition Rate and Cumulative Deposition of m9""opu in the New 
York Area because of Global Fallout from Nuclear Weapons Testing" 

Cumulative 
Deposition rate deposition 

Year (mCi km'-2 7') (mci h-') 

1950 0 
1951 0.00006 
1952 0.00 12 
1953 ,:0.017 * 

1954 0.054 
1955 0.09 1 
1956 0.077 
1957 0.1 1 
1958 0.14 
1959 ' '0.19 
1960. ' 0.061 
1961 0.049 
1962 (, 0.30 
1963 0.44 
1964 0.26 
1965 0.1 1 
1966. . 0.046 
1967 0.042 

0 
0.00039 
0.00 13 
'0.019 
0.072 
0.16 
0.24 
0.35 
0.49 
0.67 
0.73 
0.78 
1.08 
1.52 
1.78 
1.89 
1.93 
1.98 

Cumulative 
. . Deposition rate deposition 

Year I (mci km-'y-') (mci h-') 

1968 0.021 . ,2.00 
'' 1969 0.047 . 2.04 

1970 0.03 1 2.07 

,1973 ,; : , _. -0.017 , i  .: . .  .;, 2.14 
1974 . .  0.018 2.16 
1975 0.012 2.17 ' i  

1976 0.0075 2.18 

2.2 1 
,2.22 

. .  
1977".'* : ' .'. 0.024 . ' 2.20 

19.80 .o.ooi6 . . 2.22 
1981 0.00061 . _. ..:__ :--2.22 

19% . ' 0.0096 ':t'>. ~ ~ 

... . . 1979' ' 0.0039 

i 
1982 0.00022 2.22 
1983 0.0001 1 - .2.22 , 
1984 0.00006 I 2.22 

Source: Bennett (1978). 

6oo T T 2.5 

-0 
1 

-Cl- Cumulative deposition 

U 
a, 
0 
c 

a 
0.5: % 

0.0 
944 1949 1954 1959 1964 1969 1974 1979 1984' 

Year 
. .  

Figure H-2. Predicted cumulative deposition of plutonium in the New York area because of 
global fallout from nuclear weapons testing. For comparison, the cumulative explosive yield 
of atmospheric weapons tests is also plotted. 
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BACKGROUND PLUTONIUM IN SOIL NEAR THE ROCKY FLATS PLANT 
. /  

This section describes results from studies around the RFP that represent background 
concenirations of plutonium in soil. The fire at,the RFP in 1969 caused an increasedinterest in 
monitoring soil concentrations of plutonium around the plant. A number. o f  soil monitoring 
studies around the plant were performed or begun in late 1969 and in the early 1970s. Studies 
were performed by the National Center for Atmospheric Research (NCAR) for the Colorado 
Committee for Environmental Information (CCEI), the Colorado Department of Health (CDH), 
the Health and Safety Laboratory (HASL) of the Atomic Energy C o d  
University (CSU). In addition, a study by the RFP of background 
sampling at 50 locations. 

reported results as mass concentrations, while ‘HASL obtained samples to 10 and 20-cm (4 and 
8-in.) depths and reported results as total deposition (per unit area). The shallow depths of the 
NCAR and CDH samples mean that not all of the plutonium in the soil column was sampled. It is 
not reasonable to convert the mass concentration results of NCAR and CDH to total deposition 
values; thus, the NCAR and CDH results,cannot be directly compared with HASL results. The 
CSU study used both surface and deeper soil samples and developed models to describe the soil 
concentrations of plutonium as a function of depth. 

The NCAR and CDH ,obtained surface samples (to l-cm [0.4-in.] 

National Center for Atmospheric Rksearch Study . 

The first study was performed by NCAR for CCEI in late 1969 and early 1970. Results were 
reported first by CCEI (CCEI 1970), with additional results given in the later report by NCAR 

I (Poet and Martell 1972). This study sampled soils at 35 locations around the RFP and in the 
Denver area and three locations on the eastern slope of the Rocky Mountains that were thought to I 

I contain plutonium only from nuclear weapons fallout. For this study, surface soil samples were 
taken to a depth of 1 cm (0.4 in.). The background sampling locations are shown in Figure H-3. 
Results from the background locations are provided in Table H-7. Analysis errors (standard 
eviations) are included to provide general perspective on the analytical precision. Results were 

given in units of disintegrations per minute-per gram-(dpm-g-’), and we-have-converted these to- 
becquerels per kilogram (Bq kg-’) in Table H-7. 

- ~ 

Risk Assessment Corporation 
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Trinidad 
:I 1- I I -I I I I I,, I I I ,I , 1 1 1 1 1  I, ,,;, I I 1  1, I I I I, I I I  I 1 1 1  I I I I  II I 1 1 1  I I II.II I I I ','I I I - I I = I I! - . . .  . . . . .  . . .  ' , >  Oklahoma . .'. NewMexico. : . . . . .  . ;  . _ .  >. . .  . .  

. .  

, $ - :  ' .  
Figure H-3. Background ' sample locations in.  Colorado established by the 'National 
Center ,for Atmospheric Research, Colorado Department of Health; and Colorado .State 

. . .  . , . .  ._ University -soil studies (after .the 1969 fire). ; , . i .  

... . . .  . . .  . -2 . . , .:>_ , ,, I , . 
1 .  . . . . .  . I , .  

. . .  : ) . I \  : , : > , %  . ;: :, ;- ., . .  
. .  , .  . . ,.., 

. . .  . . . .  . . . . . . .  CDH Sampling .'.. ::. . . .  
. . . .  ... . .  . .  , _ i . . * .  . . '  , . .  . '  I 

. . Soil sampling around the RFP was also perf0rmed.b~ the CDH:ResUlts of monito.+g for 
1970-1977 are presented by CDH (1977 and 1990) and Jones.and .Zhang!(.1994). Samples-were 
generally collected from 13 sectors near the RFP and .up to nine remote sites in ;Colopdo each 
year, although in some years not all the sites were sampled. The remote site locations are shown 
in Figure H-3. The CDH used its own' method to obtain samples for 1975-1988. This method 
included taking 25 individual surface samples at each site and then compositing to form a single 
sample for analysis. The sampling procedures used for y e k  before 1975 were not detailed. The 
sampling depth has changed over the years, with depth 0.16 cm (0.06 in.) used for 1970-1974, 
0.32.cm (Oil3 in.)-for-1975-1981, 0.48 cm (0.19 in.) for 1986, and-0.64 cm (0.25 in.) for 1989 
'and 1991 (Jones and Zhang 1994). Results from the background locations for 1976 and 1977 are 
provided in Table H-8. Analysis errors (2 0) are also shown to provide general perspective on the 
analytical precision. Results for 1970-1991 are summarized in Table H-9, although no results for 
these background locations were available for 1974, 1979, 1981-1985, 1987, 1988, and 1990. 
Results were given in units of disintegrations per minute per gram, which we converted to 
becquerels per kilogram in Tables H-8 and H-9. 
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Table H-7. Background (Fallout) Concentrations of Plutoniyn 
in Surface Soil (9-1 cm [O-O.$ in.]) Measu 
enter for Atmospheric Research around 

in 1969-1970 
239,240 a Concentration of Pu 

dpm g-' Bq kg-' 

.. . . .  . .  . . _ .  i !  

' .  , i  

I .  . 

- j  . .  
.... . , . .. 

I..' . .  . .  I 

. ._.- , , - ' 

. .  

' 
. ,  

Location Value Std. dev.b Value Std. dev.b 

Loveland 0.056 .0.025 
Loveland 0.045 - 0.008 -" 0.75 . 0.13 - 

Loveland 0.026 0.006 
Loveland ~ 0.043 0.005 
Brighton 0.093 0.009 
Cripple Creek 0.140 0.027 2.3 0.45 
Cripple Creek 0.052 0.012 0.87 0.20 
CrippleCreek . 0.117 0.015 2.0 0.25 

MeanC 0.069 1.1 

a The source document (Poet and Martell 1972) gives results in units '- 

disintegrations per minute per gram (dpm g-'). 
Std. dev. = standard deviation. 
The arithmetic mean has been calculated, in this present work, from the 
individual values. 

Table H-8. Background (Fallout) Concentrations of u97240pu in Surface Soil 
Measured by the Colorado Department of Health in Colorado in 1976 and.1977 

' 

(Bq kg-'Ia 

1976 1977 

~ - - 

Burlington 0.3 0.3 1.2 0.3 
Crooke 1.3b 0.2 0.7 0.3 
Limon 0.7 0.3 0.7 0.3 
Livermore 0.3 0.3 ~ 0 . 3  
Loveland 0.3 0.3 
Penrose 1.5 0.7 0.7 0.3 

0.3 0.3 
0.7 0.7 

Springfield 0.3 0.3 
Walsenburg 

a Values were reported in units disintegrations per minute per gram in the source document 

C 

C 

(CDH 1977). Sampling depth for these years was 0.32 cm (0.13 in.). 
Average of two samples. 
No sample was taken at this location in 1976. 

Risk Assessment Corporation . 
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., .. 'Table H3.;B&c!cpo&d (Fallout) . .  Concentrations of u9.,240pu in Surface Soil Measured 
b thd.'(7&&.&& :j)i :.&rt;iient & Health i~~'Co16rado in 197011991' . .  (Bq kg-I)'' 

, .. .. . . . 2,,,S@.? . 
Location 1970 1971 972 ~i973'. i975 . .  ,I 1976 1 1977 :." 1978 i980 . '1986 1989 1991 . . 

- . .  . .  ~.-.  .. : , . . . , . .  . . .  . . . .  ,e . . 
.. 1:;: . I 

. .  

I Burlington ' 1.5 1.8 21.2 0.8 0.3 1 .2  4.7 0.7 <0.3 1.7 0.5 
Crooke -0.7 . 2.2 - 1.8 - 0.8 - _  1.3 0.7 1.2 <0.3 0.7 0.7 

2.3 Huerfano Butte 
Limon . . 2.2 ,_.1.0 1.2 .1.0 0.7 0.7 4.7 0.7 4 . 2  0.5 1.0 

.0.7 <0.7 1.2 0.7, 0.3 <0.3 0.7 4.7 4.3 1.3 
Loveland 1.8 .1.7 .I 2.0 1 - 0.3 4.7 4.7 4.3 <0.3 
Penrose . 1.8 1.3 ,1.8 1.0 , 1.5 0.7 2.2 4.7 0.3 2.5 
Springfield ,';0.7 1.5 2.0 4.7 0.7 0.3 0.3 4.5 0.7 4 . 5  4 . 2  1.3 
Walsenburg 1.8 1.2 '1.8 0.8 0.3 0.7 4.7 4.7 1.7 0.8 

* 

b b b b b - b  b b b b 

I Livermore .'. 

Values were given in units of disintegrations per minute per gram in the source documents (CDH 1977, CDH 1990; 
Jones and Zhang 1994). Sample depths were 0.16 cm (0.06 in.) for 1970-1974,0.32 cm (0.13 in.) for 1975-1981, 
0.48 cm (0.19 in.)'for 1986, and 0.64 cm (0.25 in.) for 1989 and 1991. 
No sample result was available for this location for the indicated year. 

Health and Safety Laboratory Studies 

Studies of plutonium in soil around the RFP by the HASL of the U.S. Atomic Energy 
Commission were initiated in early 1970. These studies did not separately select background 
sampling locations as done in the studies described above. Instead, sample locations were chosen 
at increasing distances from the RFP, and calculation techniques were generally employed to 
estimate background concentrations. The first study by the HASL is reported by Krey and Hardy 
(1970). Samples were collected in February 1970 from 33 sites around the RFP, to distances of 
about @?km (40 mi), and primarily in easterly directions from the site. Figure H-4 shows the 
numberg loc-atjons (1-33) except for some of those close to the plant. Samples were collected to 
a depth of 20 cm (8 in.). At some locations, depth profile information was obtained by collecting 
samples in incremental layers to a total depth of 20 cm (8 in.). Based on limited depth profile 
information, Krey and Hardy concluded that less than 1% of the total plutonium in soil was 
deeper than 13 cm (5.1 in.). Results from this study were expressed in units millicuries per square 

depth of 20 cm [8 in.]) was the total deposited plutonium. Because the studies described earlier in 
this section used shallow sample depths, their results cannot be reasonably compared to results of 

Krey and Hardy (1970) did not measure or calculate background plutonium concentrations 
in soil from their 1970 sampling. They report a background concentration of 1.5 mCi km2 

Seed et al. (1971) performed additional analyses on the data of k e y  and Hardy to estimate 
the background plutonium concentration. Seed et al. plotted the distribution of measured 
concentrations on log-probability paper. This plot indicated that the distribution appeared to be 
made up of two separate lognormal distributions: one that represented samples dominated by RFP 
material and one that represented samples dominated by worldwide fallout plutonium. The data 
were separated into these two subgroups and replotted. Straight lines (on log-probability plots) 

i 

I 
I 

kilometer total deposited plutonium based on the assumption that the measured plutonium (to i 
I 

I 
these HASL studies. 1 

(56 Bq m-') based-on a single measurement in 1965 in Dejby, Colorado (Figure H-4). ! 

I 
I 

1 



distribution, we determined the background distribution to be represented by a median 
concentration of 2.3 mCi km2 (85 Bq m-2) and geometric standard deviation 1.16 (Seed et al. 
[1971] indicated an average value of 2.4 mCi km-2 [89 Bq m-2]). 

Krey and Krajewski (1972) used isotopic ratios to evaluate RFP and fallout contributions to 
total plutonium in soil. In October 1971, they obtained additional soil samples from locations 24 
and 28 of the previous HASL sampling documenxed in Krey and Hardy (1970) (see Figure H-4). 
The new samples were taken to a depth of 10 cm (4 in.). The sample analyses were for isotopic 

and 2“opu, in addition to total 239s2%. Ratios of ’”Dpu to 239Pu were then calculated for the 
samples at locations 24 and 28, as well as for two “reference” locations known to contain 
primarily fallout plutonium and primarily RFP plutonium. Because the ratios for RFP plutonium 
and worldwide fallout plutonium were significantly different, it was possible to calculate the 
amounts of plutonium that originated from fallout and from the RFP for locations 24 ahd 28. The 
total measured 239*2% concentrations at locations 24 and 28 were 2.39 (39.5%) and 1.67 

.- 

, =%’u . I  
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(&2.5%) mCi km-’ (88 and 62 Bq m-’), respectively. For these two locations, the concentrations 
of 239s2% that originated fiom fallout were then calculated to be 1.49 and 1.52 mCi km-’ (55 and 
56 Bq m-2). Thus, Krey and Krajewski.estimated the background concentration of 239*2% 

because of fallout to be 1.5, mCi krf2 (56 Bq m-’). The remaining 239* 

apwared to be due to releases from the RFP. 
i JSrey (1976) applied the isotopic ratio methods of Krey and 

expanded sampling program. In September and October 1972, soil samples were collected from 
previous locations 22,23,27, and 29-32, and from 10 new locations, 34-43 (see Figure H-4). As 
seen in the figure, these locations ranged from a few kilometers from the RFP to about 64’km (40 
‘mi) from the plant. For this study, sample depth was 10 cm (4 in.), as that depth was thought to 
contain about 90% of the depositkd plutonium. For, the analysis, Krey also included the results 
from locations 24 and 28 from the previous 8sFdy of Krey and ‘KrGewski (1 972). Total measured 
deposition of 239p2”opu was 1.13-2.87 mCi,/xh-2 (41.8-106 Bq m-2):<From the ratios of 2% to 
=%, the 239.2% deposition from the RFF’ was calculated. ‘We pelformed the subtraction to 
obtain the estimated u9s2”opu deposition -from global fallout.‘The global fallout deposition was 
1.12,2.51 mCi km-2 (41.4-92.9 Bq m-2). The mean 239*% deposition because of global fallout 
w& calculated ,by Krey to be 1.7 &6:5 mCi km-’ (63 A20 Bq m-’). Table H-10 summarizes the 
estirnad-background concentrations of plutonium in soils# based on the HASL studies. 

I 

. t  

Table H-10. Summary of Determinations of Background (Global Fallout) 
Total Deposition of “9,240pu in Soils within 64 Kilometers (40 Miles)-of the Rocky Flats 

Plant, by the Health and Safety Laboratory 

’ Deposition of 239*9~a 
Date Sites ~ (mCikm-’) (Bq m-7 .Determination method Reference 

~ ~ ~~ ~~~~ ~~~ 

-. - I 1.5 . 56 “Background” location Krey and Hardy (1970) 
, 2.3 xk 1.16b 85 x/+ 1.16b Log-probability analysis of Seed et al. (1971)‘ 

. 1.50 ’ 56 2 4 0 ~ u : u 9 ~ u  ratios Krey and Krajewski 
distribution of results 

(1972) 
1972 19 1.7 f O S d  63 f 20d 2 4 0 ~ u : u g ~ u  ratios Krey (1976) 

a Results werexeported in source documents in units millicuries per square kilometer. 
! 

e + value here is one geometric standard deviation of the samples. 
Authors were with Dow Chemical. Estimated background was based on their analysis of HASL data. 
The f value here is one standard deviation of the average. 

.. . . . . . .  - . I .  

L , : . , , : . .  i : : . ,  . .’ _ . :  
.~ .” 1 . .  . .  , 

. ,.. . . . .  . . . . ,  - .  . . . Rocky”Fla& ‘Plant Routine Sampling 

for plutonium analyses has been conducted at the RFP from the 1970s. 
ged over the years, so we examine results from a few select years 

ness of the data to represent background plutonium concentrations in soil. 
sampled on each of three concentric rings around the RFP, at 1.6, 

) radii (Boss et,al. 1973). Surface samples were collected to. a depth 
(5-mi) radius ring, concentrations of 239*2”opu were 5.2-36 Bq kg-’. 

s were extremely large, sometimes greater than 100%. 

. .  

a, ! 

I 

I 
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In 1980, the locations farthest from the center of the site were three locations at the eastern 
h location, nine 

composite samples Awere oncentrations of 
"9*2% were 28-150 Bq 

ugh now only at 1.6 and 3.2-km 
lected to a depth of 5 cm (2 in.). 

For the 3.2-km (2-m)-radius ring, concentrations of 239*2"opu werel0.37-130 Bq kg-'. The 1991 
annual report (Altman et al. 1992) also s u d z e d  results from 1984-1991.;For the other years, 
some had higher maximum concentrations, and one had lower minimum concentrations. 

From the results of 1984-1991, some concentrations of u9*2% in soil were less than 
4 Bq kg-' and, thus,'within the range of background seen from other studies. However, none of 
the sampling loc-ations were specifically ,chosen to represent background plutonium 
concentrations unaffected by rele&es from . In addition, analyses of the data were 

t influenced by plutonium from 
the RFP. Thus, these data from routine sampling by the RFP may not be as useful as some of the 
other data in determining the background concentrations. However, the lowest concentrations 

1992-1994 (Webb 

Mountains, shown in Figure H-3. For the background locations, three different sampling depths 
were used: 0.3, 3, and 21 cm (0.12, 1.2 and 8 in.). Results of this sampling are given in Table H- 
11. For the 0 to 21-cm (0 to.8 in.) samples, the result of 3.27 Bq kg-' for location ZlO appeared 

value should be disregarded+and it is probably within the range of statistical variation. 
estimate of the background inventory (total quantity) of plutonium was also described in 

.=Many -locations- (in addition to ithe background locations) Found ~-~ the RFP - - _  were 
- 

ome of these locations, depth profile data were obtained by taking samples in 3-cm- 
ments to a depth of 21 cm (8 in.). With concentrations at varying locations and 
developed models to describe the concentrations as functions of distance and 
the 903 Area ind depth in the soil. These models were then used to develop the 

PJ = (55 kg m-i p P U ]  :l:cm 03-31 

239.2- . = inventory, or total deposition, of u in soil at distance D and direction 2 

- = concentration of plutonium in the 0 to 3-cm layer of soil at distance D and 
direction 2 from the 903 Area (Bq kg-'). 

Risk Assessment Corporation 
"Seftina the standard in environmental health ', 
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." . 'Webb..(1996)'.used this equation.:to :calculate: the. total quantity of background.'23%J in the 
' . study. area '(thisLwas'totall activity, in gigalbecquerel [GBq])..In. this present .report;. w.e perform 

. '. '..'eSsentidlyl- the:isame 'calcul,ation, but. -we ;only. calculate the., intermediate :result of .  average 
. ' '. . b a c k g r ~ ~ d - . ~ ~ ; ~ ' ? P u  . .  deposition (in becquerels per square meter). This .is .done .by applying the . 

. .equation;above 'to the average:.backgrowd ..concentration in -0. to 3-cm :(O .to %in.) soil. The 
.' -average:background:concentration in 0.to :3-cm (O-to 1.2411.) soil is 2.14 Bq kg?, asused by CSU, 

. and:% 'shoidn :in Table .H-I 12 Thus, the average background deposition..is:estimated :to be (55 
kg m-2) ~ . ( & 1 4  Bq kg-!4 =:llS-BqmT!: that-.this estimate is .based 'on measured::background 
concentrations for 0,to 3 cm (0.1.2 in. d on models describing the depth distribution of the 

.'plutonium in soil. - . 

. .  

: . >  ' . - _ _  
. .  , : ,-. . . .  . .  

EG&G Study 

A study'by the RFP focused on the characterization of background soils around the RFP 
(EG&G 1995). This Background Soils Characterization Program (BSCP) included soil sampling 
at 50 sites remote from the RFP, all in undisturbed areas along the front range of Colorado. 
Samples were analyzed for concentrations of fallout radionuclides, including 239*2'?Pu. In addition, 
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d to isotopic Bnalyses so that ratios of *%I to "'Pu could be 
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Figure H-5. Background sampling locations and concentrations of "9s2% in surface soil along 
the front range, measured in 1994 (EG&G 1995). The left side of this figure shows the sampling 
locations, to scale. The right side shows the measured plutonium concentrations. For a given 
location, the measured concentration is shown directly to the right of the location. Data are from 
Table H-12. 
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t each sampling site, two,l m X, 1 m (3.3 x 3.3 ft) square areas >were 1ocatedJrom each of 
the,two areas, 5 subsamples were taken, from each of the co s and from the.center, apd the 10 
subsamples were composited to form the sample for analys h of the-subsamples was taken 
to a depth of 5 cm (2  in.), using a 10 cm x 10 cm (4 X 4 in.) square template. Table H-12 shows 
the results ,for.each sampling .io locations,~uplicate,soil samples ,were obtained 
in the field or replicate analyses wer rmed in the laboratory. In such cases, the values 
shown in Table H-12 are means 
location GM3 deserves further ocation GM3 appeared to be 

was concluded that athe 

l4Fl 1.26 
AF2 1 .oo 
AF3 0.63 
BE1 . *  1.37 

1.15 
1.33 

converted fiom units of picocuries per giani ; in the 

‘Site 

RM3 1.15b 
F a 1  1.22 
Fa2 1.07 
TH1’ 1.63 

:TH2 * ,  0.89 
TH3 ? 1.26 

?- - --- - -  

riginal reference (EGBrG 
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. -  
- ' represent background concentrations not affected,by'releases from the&.FR. ,From the'l2'samples . . ' 

* 'Aalyzed .isotopically, the ,me'fh 2"opuIu'pu' ratio wis 0.1552, and. the !St&d&d *deviation :was 

. 1 .  . t  . .  ' . . ! .  ',,!,.:: ;. ' . . I "  . . 7 : , . . : . : ;  , 

. i :  Summary of Background Plutonium in Soil. near the Rocky .Flats .Plant:. .: 7; i. 
. . . .  , . . .  1 .  , ' . . , : * 2 : ' , ~  " , !;.*a . . / ,  , . . I : .  ., '...,, . . ""!, . ; ',, ',.* (..ii. ,;. 

,In summary,&e measurements..performed"by NCAR, CDH; CSU, 'ad 'EG&G (Tables 4H-7, 

... . . .  . . . . . .  . .  . . . .  . :  ;; ;_: ' & , :  I 

. .  : .  

. . . . .  
,I ;, _ ,  - % 

. .  . ..... , .. , . ,  
". 

. '  

:: 'H-8, H-9,.H-1 l;'and'H-12) ihdicate'that the.background mass coricentration~of z 3 g P 9 u  in. surface . . 

,soils;(0;16 to.5km:[0.06 to'2Lin:I depths) of eastem Colorado' is -in !the-range of'about:0.34.5 
. Bq kg-' (0.008-0.1..pCi g7'), !although ,Only 'one' value;'was.'greater:than '3i3 "Bq 'kg!.' :The wide 

t .  the spatial patterns of:fallout.depdsition across'the'large Gea-eovered by sampling. ..To~sumniariie 

. .  

. . .  . .  
1 .  _ _  ":vaiiability in results :may be due.to theLvery shallowssurface layers :of soil 'that were sanipled@d 

. . . . . . .  

: i i  the 'deposition~~medurements'arid'~cdcu1ations perfohed by -HAW (and the'balysis !Of.HASL . . . . . . . .  

'';.reshts:by'Seed et  al:[1971.]) and by.CSU.we'u&d the'ualuesfrom TabltS~H~lO'idi.ld;H-ll;-For . . . . . .  the 

. (where available) to represent likely ranges (Table'..HJlO). "rhese..results indicate ,that ;the 'total 
ut, in the general area around the RFP and along the front 

;*' HASk .vaues; we' also .included &e- .stan&& 'deviation: &!!one. geometric .sm&d.;deviation ' 

'; l-.j .2:mci .&-2) 1. 
. .  

. . . . . .  ..\:. . . . .  i .:. *'..:., ' 
, . range,was 

,"., . 
. . . . .  . . .  . . .  - . .  . . . . . . .  

BACKGRO.UND PLUTONIUM IN SOIL,AT; GREATER DIS.TANCES FROM . '  

. . . . . . . . .  . . .  - THE ROCKY n A T s  PLANT, :--..- . , . . . . . . . . . .  ". . . . .  
. .  . . . .  :. 1 . .  ' 

. _ .  
. .  

: i  . -  . .  . .  
. .  

This . section describes measurements of background soil . concentrations .'of plutonium for 
locations farther :from the REP. While concentrations at great dista&es from .the €UT may, not be 
indicative of the -background around the plant, they do'provide some perspective as to. how.local 

Purtymon et, al. (1990) reports dati on soil concentrations ):' of : plutonium in northe& New 
Mexico and southern Colorado, which are in. the same general ,region as the:RFP, and w h i n  5" 
latitude. In this .study, six locations were skpled  in;,l98 1 and .f983, imd nine separate locations 
were sampled in 1986. The locations were all'east of (or on) the continental diAde. The northern- 
most location was Monarch .Pass, Colorado, about I60  km (100 mi) from the RFP,.And the 
southem-most location was Santa Ana Pueblo, New. Mexico, about 480 km (300 'mi) from the 
RFP. Some of the locations are, however,,wim,.about 32.km.(20 . . . .  gi) of th 
Laboratory, which is a potential source of plutonium in the environment. 
composites made up of five subsamples, taken to a depth of 5:cm;(2 -in:). Alpha spectroscopy 
measurements were performed to,obtain '38Pu ,:'which;were s u d d  to,.obhin. total 
plutonium. On' the average, contri&ted, th;in '1 . .  i . .  !$.%. .. to : ......, the . tbtal , . . > I ,  $lytoniy& ' ,.! ictivity 
measured. We only consider the "gS2% me nts-here. for comparability -wi&. other 

. measurements. Concentrations of 239*2% ran to 81 fCi g-' (0.044 to 3.0 Bq kg-I), 
with' an average of 14 fCi g" (0.53 Bq-kg-') eviation ,of 18 .fCi g71'(0.66'Bq kg-') . 
The two highest values occurred for locations in high mountitin paises -oh 'thE'continentd &vide. 

. . . .  -andL:itt.&j be As discussed earlier, higher values '&e expected .for 'high mounta[n ' 
reasonable to consider these locations grouped .separately from the rem4 ocations: If'these 
highest values are disregarded, 'the remainder .cover 'the range of li2-19 fCi 8' '(0.044-0.71 

background concentrations compare with regional "d global background. ', ' ' . '  . .  

j . , ..: . - , . " * *  ..( 

. .  

. . . .  :; I .  
' . . I .  . . . .  . ,  . / ;  . I  .,. ' . .  
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I 

, with an,,average of 9.4 fCig-' (0.35 Bqk 

As mentioned above, Hollemaq et al. (1987) p 

,in,soil in the 
meter) and mass 

on worldwide fallout of plutonium from weapons tests. From fhis 
easured concentrations of 
position (becquerels per 

Values were given in uni 

Information about individual measurements is given in Table H-16, at the end of this appendix. 
Holleman: et al. :does not provide information .about sgmple depths, but this -not .necessary for 
our work. The time the samples were collected is not that important because the earliest date 

Alaska 
California 
Colorado 
Florida 
Hawaii 
Illinois 17 62 1970-198 
Kansas 
Maine 1 1 1970 
Massachusetts 1 1 1972 85 
Michigan 1 1 1976 99.9 
Montana 1 1 1965 70 
New Mexico 6 36 1974-1977 0.0 
New York 7 16 1964-1973 67 99.9 84 
North Carolina 1 1 1970 89 
Ohio 1 25 1974 0.114 1.528 0.28 
Oklahoma 1 1 1970 81 
South Dakota 2 2 1965-1970 85 93 89 

Utah 1 1 1970 96 

Wisconsin 1 1 1972 58 

a Min = minimum, max = maximum, and avg = arithmetic average. Minimum and maximum values are taken from 
the source document (Holleman et al. 1987), and the averages are calculated by us, in this present work. The values 
presented retain the number of significant figures used by Holleman et al., though we acknowledge that in some 
cases they are excessive. 

0.78 0.28 

- __  - -_ ~ Texas - 2 - 2  1970 - -32.6 - - 36.6- = -35- - - -- - - 
- 

Washington 2 7 1970-1971 1.5 52 20 

The samples in Ohio were taken near the Mound facility, which processed plutonium; 
however, this facility handled primarily 238Pu. The very low values of deposition reported for 
Alaska are probably because of the more northerly latitude of Alaska. The single result for 
Hawaii is relatively high compared to other states closest in latitude (Florida and Texas). The 
elevated value may be due to Hawaii's proximity to some of the weapons tests in the Pacific and, 
thus, may reflect some regional (in addition to global) fallout. The minimum deposition value for 
Colorado (2.1 1 Bq m-2) does not appear to be a credible value; deposition this small seems 

? 
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extremely unlikely. Hdwever, the average' value for Colorado is. in reasonable jageement with 
. ,. 

- r . . < ,  . . . I  other states at similar latitudes (e.g., Illinois). e .  

. .  .Beca&e -global fallout deposition"is-correlated with latitude in the northem heinisphere, we 
also sumniarized .the .239?l?u measurements by. latihide b@ds."We centered 'the .bands around 
latitude 40 ON because that is the approxiinate .location'>of the 'RFP:tTable .H-14. shows this 
summary. . . . . .  . . . .: . .  

. . .  .,:. .. ,_ . ; : . ; .  I .  

I , . "  . . . . . .  . . . . . . . . . . . . . . .  , . . . . . . . . .  I-- . .  :. ,;,; 
. . .  . .  :..; . , I ;.. ,;.:: . .  

. .  
.' 

4 .  CONCLUSIONS .ON BACKGR0UND:PI;UTONIUM INSOIL 
. . .  . . . . . .  .) . I . . : - i : .  

.and around the U.S. ire compared in.Tab1e.H-16. (We achowledge that'this is not necessarily a 
tal plutonium deposition for 
iiiili'latitudes: .The r ~ g e  of 

measured.deposition of 239,2% &o&d.the.RFP.(4011120,Bq m72; or 1.1-3.2 mCi km-2).is. within 
that. seen 'for '.other states .in the .37..542.5. ON latitude.. range (1&260 Bq'm-2, or 0.27-7 
.mCi km-'), although they tend slighdy . tow&d .the higher end of measu 
measured mass' concentrations -of " 9 v 2 ~ u  around .the ..RFp (CO:34:5 
pCi g-') exceed (slightly) the ranges of values seen in New 'Mexico and 
3.0 Bq kg-', or 0-0.08 pCi g-1). Many of the lowest values-forthe U.S. are.for locations, such as 
Alaska, not in the middle latitudes. Thus, it appears.; that while 'measured background 
concentrations of plutonium in soil around the RFP .tend to be. higher than background 
concentrations for &y locations, they are still within -the. ranges observed in other shtes at. 
similar latitudes. 

.... . . . .  .. . . .  . . .  :<. .. . .  ,; . . . .  .< . '; ' I  .:- . .  
I .  

.. From the studies .presented here; 'the measured levels of plutonium in soil .ai0 

. .  complete compilation of. such data.) Figure H-6 compares 
' ,backbound locations aiound the RFP $0 1ocations':in the kF. 
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Table H-14. Summary of u95"opu Deposition (Bq m-*) and Mass Concentrations (Bq kg-') 
in Soil in the United States, by Latitude (from the Compilation inHolleman et al. 1987) 

I Deposition' Concentrationa 

Latitude band Sites 

32.5-37.5 ON 

trends in the global fallout of plutonium from nuclear weapons testing. Finally, depth 
distributions of plutonium should be considered relative to the goals of a particular sampling 
program or analysis. Soil samples taken from the surface soils (e.g., to 1 cm [0.4 in.] or so) are 
generally not representative of the total deposition of plutonium that exists in the soil column. 
Quantitative comparisons between results of sampling programs with widely disparate sample 
depths should be performed when information is available to develop relationships between soil 
layers of different depths. 

- - -  - -  _ _  - - - ~- - - -  ~- ~ ~- - - - _  

Table H-15. Comparison of Measured Deposition and Mass Concentrations of u9wPu 
Around the Rocky Flats Plant with those Around the United States 

Concentration (Bq kg-I) Deposition (Bq m-2) 

Locations Minimum Maximum Minimum Maximum 

Around RFT 40 120 c0.3 4.5 
37.542.5 O N  Latitudea 10 - 260 0.11 1.5 
U.S. 1.2 260 O.Ob 3.0b 

The extremely low value from Colorado is not included in this summary. 
Mass concentrations were from two states only: New Mexico and Ohio. 

Risk Assessment Corporation 
"Settinu the standard in environmental health" 
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. - Estimates of Background Around the RFP ': . United 'States, 
- . :_ : 37.5-42.5" N - 

. .  _. . .  . - 
I 

. E 

(b) 
(a) HASL 

HASL DOW 

. . .  I .  . .  

(c)  . :(d) : . .,(e) ,,:! I 

HASL HASL CSU ' -! 
. .  

Figure H-6. Background "9*2% total deposition (inventory) in soils? comparison of levels 
around the RFP with levels in the U.S. at similar latitude. Data are desciibed in this appendix. 
Notes: (a) single location, in 1965, (b) examined distribution of measurements from 1970, (c) 
used 2"opu/'39pu ratios for samples from 1971, (d) used 240pu/239Pu ratios for samples fiom 1972, 
(e) samples from 1992-1994,0-3-cm (0-1.2-in.) depth, with depth distribution.mode1, (f) from 
compilation of numerous measurements. 

I 
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.Table H-16. Individual Measurements of 239,240Pu in Soil in the United States I. 

. (from the Compilation of Holleman et al. 1987)" . 
' 239.240pu concentration 

State Location Latitude ("N) Date Bqm-' Bqkg-' 

Alaska 
Alaska 
Alaska 
Alaska 
Alaska 

. Alaska 
Alaska 
Alaska 
Alaska 
California 
California 
California 
California 
California 
Colorado 
Colorado 
Colorado 
Colorado 
Colorado 
Colorado 
Colorado 
Ronda 
Hawaii 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 

Anaktuvuk Pass 
Anaktuvuk Pass 
Anaktuvuk Pass 
B m w  
Barrow 
Bettles 
Fairbanks 
Fairbanks 
Palmer 
Burbank 
Oakland 
Oakland 
San Francisco 
San Francisco 
Denver 
Denver 
Denver 
Denver 
Denver 
Denver 
Denver 
Ft. Pierce 
Papaikou 
Argonne 
Brookfield 
Brookfield 
Brookfield 
Brookfield 
Brookfield 
Channahon 
Channahon 
Channahon 
Channahon 
Downers Grove 
Downers Grove 
Dresden Lock and Dam 
Dresden Lock and Dam 
Dresden Lock and Dam 
Dresden Lock and Dam 
Dresden Lock and Dam 
Hinsdale 
Hinsdale 
Lemont 
Lemont 
Lemont 
Lemont 

68.10 
68.10 
68.10 
71.17 
71.17 
66.55 
64.5 1 
64.51 
61.36 
34.2 
37.47 
37.47 
37.48 
37.48 
39.43 
39.43 
39.43 
39.43 
39.43 
39.43 
39.43 
27.27 
19.47 
41.43 
41.49 
41.49 
41.49 
41.49 
41.49 
41.26 
41.26 
41.26 
41.26 
41.48 
41.48 
41.20 
41.20 
41.20 

41.20 
41.48 
41.48 
4 1.40 
41.40 
4 1.40 
4 1.40 

4 1.20- 

Jul 1975 
Jul 1976 
Sep 1976 
Aug 1964 
1970 
Jul 1976 
Jul 1976 
1970 
1970 
1970 
Oct 1972 
Oct 1972 
Oct 1972 
Oct 1972 
Sep 1965 
Feb 1970 
Feb 1970 
Sep 1970 
Sep 1970 
Oct 1970 
1970 
1970 
1970 
1970 
Sep 1972 
Oct 1974 
Jun 1976 
Jun 1979 
Oct 1980 
Jun 1978 
Jun 1979 
Jun 1980 
Jun 1981 
Jun 1979 
Oct 1981 
Oct 1976 
Oct 1978 
Oct 1979 
Oct 1980 
Oct 1981 
Oct 1974 
Jun 1976 
Nov 1974 
Oct 1978 
Jun 1980 
Oct 1981 

5.62 
1.55 
1.18 

12.20 
14.8 
4.26 
8.21 

31.4 
34 
27 
30.00 
30.00 
34.00 
37.00 
56 
32.9 
40.7 
65 

67 
67 
37 

148 
78 
57.35 
65.86 
70.3 
36.63 
49.21 
49.6 
3 1 .OS 
19.61 
25.2 
18.5 
29.2 
74 
45.1 
-15.91 
10.36 
41.8 

127.65 
81.4 
56.6 1 
21.5 
19.6 1 
23.7 

2.11 

. l  
I 

i 
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c Table<H-16. Individual Measurements of 239:qu  in Soilfin the United States, 
from -the Compilation of Holleman et al. (1987) (continued) 

239.240~u concentration 

Latitude (“N) Date Bqm-’ Bq kg-’ Location 

McGinnis Slough * 1, 41.39 Sep 1972 
McGinnis Slough 
McGinnis Slough 
McGinnis Slough 

Illinois Mckinley Woods State Park 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 

Mckinley Woods State Park 
Mckinley Woods State Park 
Mckinley Woods State Park 
Mckinley Woods State Park 
Mckinley‘Woods State Park 

Moms r 

Morris 

Moms 
Moms 
Naperville 
Naperville 
Naperville 
Naperville 

Moms - 

Illinois Rorneoville 
Illinois Rorneoville 
Illinois Saganashkee Slough 
Illinois Saganashkee Slough 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois 
Illinois- 
Illinois 
I1 1 in o i s 

-- - - --- -- 

Illinois 
Illinois 
Illinois 
Illinois 
Kansas 
Maine 
Massachusetts 
Michigan 
Montana 
New Mexico 
New Mexico 
New Mexico 
New Mexico 
New Mexico 
New Mexico 
New Mexico 
New Mexico 

Saganashkee Slough 
Saganashkee Slough 
Starved Rock State Park 
Starved Rock State Park 
Starved Rock State Park 
Starved Rock State Park 
Starved Rock State Park 

- -==Western Springs ~ 

Western Springs 
Willow Springs 
Willow Springs 
Willow Springs 
Woodridge 
Woodridge 
Manhattan 
Orono 
North Eastham, Cape Cod 

.St. Joseph 
Bozernan 
Bernalillo 
Bernalillo 
Bernalillo 
Bernalillo 
Bernalillo 
Bernalillo 
Bernalillo 
Chamita 

41.39 
41.39 
41.39 
41.45 
41.45 
41.45 
41.45 
41.45 
41.45 
41.45 
41.22 
41.22 
41.22 
41.22 
41.22 
41.22 
41.47 
41.47 
41.47 
41.47 
41.39 
41.39 
41.41 
41.41 
41.41 
41.41 
41.19 
41.19 
41.19 
41.19 
41.19 

- __ 41.47 _ _  
41.47 
41.50 
41.50 
41.50’ 
41.46 
41.46 
39.11 
44.53 
41.52 

- 42.06 
45.41 
35.30 
35.30 
35.30 
35.30 
35.30 
35.30 
35.30 
36.00 

May 1974 
Oct 1978 
Jun 1980 
Jun 1972 
Oct 1974 
Jun 1976 
Oct 1978 
Oct 1979 
Oct 1980 
Oct 1981 
May 1974 
May 1974 
Jun 1978 
Jun 1979 
Jun 1980 
Jun 1981 
Jun 1972 
May 1974 
Jun 1978 
Jun 1981 
Oct 1978 

80.3 
42.5 
22.57 

I 40.7 
77.7 

,114.7 
54.8 
35.52 
20 

I 69.2 
75.85 

256.78 
52.2 
32.56 
27 
17 
55.5 
94 
57.7 
24 
57.3 

Oct 198 1 
Jun 1972 
May 1974 
Oct 1978 
Jun 1980 
May 1974 
Jun 1978 
Jun 1979 
Jun 1980 
Jun 1981 

.- Jun 1979 
Oct 1980 
Oct 1976 
Jun 1978 
Oct 1979 
Oct 1979 
Jun 198 1 
1970 
1970 
Oct 1972 
Oct 1976 
Sep 1965 
Jul 1974 
May 1975 
Oct 1975 
Apr 1976 
Oct 1976 
Mar 1977 
Oct 1977 
Jul 1974 

__ 

44.4 
77.33 
72.52 
27 
21.83 
76.22 
43.3 

, 31.08 
17.39 
43.7 
35.9 

- -24.8 
107.3 
27 
30.71 
32.56 
30.3 
89 
63 
85 
99.9 
70 

_ _  

. .  

p.22 
0.44 
0.04 
0.15 
0.07 
0 
0.07 
0.22 

Risk Assessment Corporation 
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0 Table H-16. Individual Measurements of ='*u in Soil in the United States, 

_ .  - 239.240~u concentration 

. .from the Compilation of Holleman et d.41987) (continued) 

. . state Location ' i L a t i t u d e 0  Date Bqrn-2 Bq kg-' 

New Mexico 'Chamita 8 36.00 Oct 1975 ' 

. *  NewMexico .:, Chamita . . 1 
NewMexico :.'Chamita .: . '  ., . . I  

',New Mexico ',%hamita ' . . . .  - 
. .  
L . ,  
. .  ' . New Mexico 'b'Chamita ' ,!, 

. .  . .  . . .  - .  I .. . 
, ,  

. I ,  .. 

. .  . . -,New.Mexico ".. Cochiti : - 
.. . . 

. .  
. . ' ,New Mexico .".' 

. : .. "NewMexico .. i i .  

. . ' .  . .  
' .New Mexico , ' . e >  .'Cochiti x"., . ': .. ' . "  

. .  

. .  . , New Mexico . Cochiti ,. . :. . .  

I S  . . . 

. : New Mexico -Jernez ' . .  
'New Mexico . '. 'Jernez . . ' :. 

New Mexico :' Jemez 
. NewMexico Jernez 

. . New Mexico !.'. iJernez 

. . .  "New Mexico :' Otowi . . 

' , . . NewMexico .Otowi 
. .  . . NewYork :Bronx . .  .. 

'1New.Mexico . .!erne2 . .  
i -  . - . .  . 

, (  

. .  New Mexico . .Jernez :. . .  

New Mexico Otowi ', 

. .  

'New York ",' :' Bronx ' . .  
. . .. New York ' Brookhaven National Laboratory 

. . New York ' ' 'Brookhaven National Laboratory 
. . . : .  .NewYork ' Brookhaven National Laboratory 

New York .$.; . Brookhaven National Laboratory 
.: New York :Brookhaven National Laboratory 

. .  : . . '. :NewYork Brookhaven National Laboratory 
New York . ' Brookhaven National Laboratory 

, New York . . Brooklyn '' ' ' 

. _ .  
. .  . .  
. .  . . .  

. .  . .  . .  

. .  . . New York ' ' Fordharn University . ,  

. .  New York Fordham University 
New York -Fordham University 

'New York ' New Yo& 2 . '  

New York -New York*'-" 

'North Carolina . Raleigh 

Ohio ' . Miamisburg 
.. . . Ohio Miamisburg 

Ohio Miamisburg 
Ohio Miamisburg 
Ohio Miamisburg . 

'. . 

. ' NewYork.  ' K i t c h a m ,  'Westchester County 
. .  . .  

Teatown,' Watchester County 
i .  

. . ' NewYork 

, . - Ohio . . Miamisburg .. . . .  

36.00 Marl976 
36.00 Oct 1976 

36.00 .- Oct 1977 
35.45 ' May 1975 

36.00 Mar.1977 

35.45 
35.45 
35.45 
35.45- 
35.45 
36.00 
36.00 
36.00 
36.00 
36.00 
36.00 
36.00 
35.45 
35.45 
35.45 
35.45 
35.45 
35.45 
35.45 
35.50 
35.50 
35.50 
40.49 
40.49 
40.54 
40.54 
40.54 
40.54 
40.54 
40.54 
40.54 
40.42 
40.5 1 
40.5 1 
40.5 1 
41.15- 
40.43 
40.43 
41.15 
35.47 
39.38 
39.38 
39.38 
39.38 
39.38 
39.38 

Oct 1975 ' A  

Apr 4976 
Oct 1976 

' Oct 1977 ;' 
hh.1977 

Jul 1974 
May 1975 
Oct 1975 
Mar 1976 
Oct 1976 
Mar 1977 
Oct 1977 
Jul 1974 
May 1975 
Sep 1975 
Apr 1976 
Oct 1976 
Mar 1977 
Oct 1977 
Jul' 1974 
May 1975 
Oct 1977 
Jul 1970 
Aug 1970 
Sep 1970 
Sep 1970 
Nov 1972 
Nov 1972 
Nov 1972 
Nov 1972 
1972 
Nov 1972 
Dec 1969 
Jan 1970 
Jan 1970 
Jun 1973 
Dec 1964 
1970 
Jun 1973 
1970 
Oct 1974 
Oct 1974 
Oct 1974 
Oct 1974 
Oct 1974 
Oct 1974 

92.5 
81.4 
96 
78 
99.9 
91.8 
90.6 
81 
88.8 
78 
74 
81.4 
96 
70.3 
67 
96 
70.3 
89 

0.63 
0.3 
0.52 
0.63 
0.37 
0.07 
0 
0.15 
0.1 1 
0.04 
0.11 
0.19 
0.3 
0.33 
0.44 
0.7 
0.4 
0.56 
0.04 
0.04 
0.44 
0.07 
0.26 
0.7 
0.04 
0.44 
0.22 
0.78 

! 

1 

! 

0.177 
0.222 

0.269 
0.206 

' 0.171 

0.166 1 
1 

. .  . 

. .  
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Table H-16. IndividualMeaSurements of q9'?Pu in Soil in the United States, 

"'-24Opu concentration 

titude("N) Date Bqm-* Bq kg-' 

- - , .  . .  - -  

Ohio Miamisburg 39.38 Oct 1974 
Ohio Miamisburg 39.38 
Ohio Miamisburg 
Ohio Miamisburg 
Ohio Miamisburg 
Ohio Miamisburg 
Ohio Miamisburg 
Ohio 
Ohio 
Ohio 
Ohio 
Ohio .Miamisburg 
Ohio Miamisburg 
Ohio Miamisburg 
Ohio 
Ohio 
Ohio 
Ohio Miamisburg 
Ohio Miamisburg 
Oklahoma ,Tulsa 
South Dakota Rapid City 

39.38 
39.38 
39.38 
39.38 
39.38 
39.38 
39.38 

' 39.38 
39.38 
39.38 
39.38 
39.38 

, 39.38 
39.38 
39.38 
39.38 
39.38 
36.09 
44.05 
42.41 
27.3 1 
26.09 
40.46 

Washington Hanford Reservation 46.50b 
Washington Hanford Reservation 46.50b 
Washington Hanford Reservation 46.50b 
Washington Hanford Reservation 46.50b 
Washington Hanford Reservation 46.50b 
Washington Hanford Reservation 46.50b 

South Dakota Vermillion 
Texas Kingsville 
Texas Weslaco 
Utah Salt Lake City 

Oct 1974 
Oct 1974 
Oct 1974 
Oct 1974 
Oct 1974 
Oct 1974 
Oct 1974 
Oct 1974 
Oct 1974 
Oct 1974 
Oct 1974 
Oct 1974 
Oct 1974 
Oct 1974 
Oct 1974 
Oct 1974 
Oct 1974 
Oct 1974 
1970 
Sep 1965 
1970 
1970 
1970 
1970 
Feb 1971 
Feb 1971 
Feb 1971 
Feb 1971 
Feb 197 1 
Feb 1971 
1970 
Oct 1972 

. .._ ... . .  

. .. 
ii . .  

. . -  

. .  

81 
93 
85 
36.6 
32.6 
96 
19.20 
28.10 
24.00 
8.1 
1.5 
7.8 
52 
58.46 

0.256 
0.171 
0.2 
0.129 
0.17 
0.135 
0.207 
0.114 
0.174 
0.19 1 
0.179 
0.18 
0.19 
0.14 
0.213 
0.208 
0.16 
1.214 
1.528 

Washington Puyallup 47.1 1 
Lake Delavan 42.38 

~ 

a The values presenied here retain the number of significant figures used by Holleman et al. (1987). 
The latitude given in Holleman et al. (1987) appeared to be an error. We have estimated the latitude from maps, and 
show the estimated latitude here. 

~. 
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. . . .  

. . . . . . . . . . .  
. .  .- - ..... .-. '  . . . . .  , .. . . . .  Units of activity 

, I  . . . .  , . ,. , . ? ,  . .  
. .. .. .0.0167 . .  -.. .- . - . - _  ., . 

0.45 
\ .. :_ 

. .  dPma ' .' ' " _ .  
,. ._ . ~~. 

..,. . . .  
. . . .  . ,  , .  . dpm :. ' , 

: pCi . , :. . . .  . . .  .. 0.037 . .  .*.. 

I . ,?..dPrn 
,. .;..,, fci 

. .  

*;. _' 

. . . . .  
. .  .:. . 

: - 2.22 

dpm g-' 
0.027 ' pCi g-' 

27 fCi g-' 

. . . .  . .... 0.060 . . 
. .  

. /  . : .  . 
1 .  . . .  . .  : - .  . .  . .  Bq kg-' 

Bq kg-' 
Bq kg-' ' < . .  . .  

. .  
.:<_ 

' < :  . . Concentration units: activity per area 
. . .  .. ...... . . .  . .  m C i b - 2  . . , ... 37 . .  Bq m-2 I .  

,! 
. .  . .  

. . .  ... mCi km-2 , 0.027. . . _  ' .!.. ' 

" .  >?, : .  ' 

' . . .  '. Concentration units: activity per liquid volume 

Bqm? 
. . . . .  
. . .  . .  

. .  
. .  * .  

Bq L-' 
KiL- '  
pCi L-' 
Bq L-' 

. _  .: fCi L-' 
27 - . pCi L-' 

Bq L-' 27,000 Ki L-' 

' 

. . . . . . . .  . . . .  

. . .  
. . .  

. .  ... ... . . . . .  _ _  I 

~ 

dpm = disintegrations per minute. 
Example: The following is an example of using this table of units conversion factors: If you have a value 

of 120 Bq kg-L and wish to convert to units of pCi g'". look in the first column to find the units 
you have (Bq kg-'). Look in the third column to find the row that contains the units to which 
you want to convert (pCi g-I). Use the conversion factor in the second column that corresponds 
with that row. In this example, that row of the table shows a factor of 0.027. Multiply the 
starting value (120) by 0.027 (120 x 0.027 = 3.24). Thus, our starting value of 120 Bq kg-' is 
equal to 3.2 pCi g-', with rounding. 
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Figure D-1. The ratio of the total dose (all isotopes) for a given year to the maximum total dose 
for the simulation, as a function of time from the start of the simulation and for several different 
Kd values. Uranium isotopes include 234U, ='U, and =*U. Plutonium isotopes include 238Pu, =%.I, 

%'Pu, ='Am, and 237Np. Doses also include dl associated progeny. 

Doses for plutonium isotopes (lower graph) are driven by surface exposure pathways (soil, 
plant ingestion, ground exposure, and inhalation). Therefore, doses are proportional to the amount 
of activity in the surface soil. The slight increase in dose from year 0 to year 30 is from ingrowth 
of 241Am in the surface soil. After that, doses drops off exponentially as plutonium activity is 
leached from the surface soil. Depletion of activity from the surface soil is a function of the water 
infiltration rate and the distribution coefficient &). Low Kd values result in higher leach rates 
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and, therefore, more rapid depletion of surface soil. Doses from groundwaterdependent 
pathways were all F r o  for 

Uranium doses (upp graph) are somewhit more licated because groundwater- 
dependent doses were appreciable during the 2000-year timeframe considered. For low Kd values 
(0.32'mL g-'),,activity is rapidly leached from the surface soil and moves quickly through the 
groundwater. For higher Ki values (2.3 and 10 mL g-I), there is a delay in the arrival of&e 
uranium isotopes in the groundwater. Maximum doses are achieved when uranium contamination 
is at the receptor well, then fall off quickly as the plume moves downgradient. Doses remain at a 
more-or-less constant level after passage of the uranium plume and then fall off after 800 years. 
The flat portion o urve is caused by doses from radioactive progeny. 

2000-year timeframe consider 
I .  

- .  
. ^  

' .  ' 

_'.. - . ~. .. ,-. 
-_ _ _  ~ L 

+? 

. . . .  
5 .  .. 

. .  
.~ 
; I  - .  

. - .  . . .  
. ,  
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RISKS ASSOCIATED WITH A 15 
.. 

The limit adopted by DOEEPNCDPHE'(1996) for 
. is an individual effective dose of'15 mrem y-'. The risk associated with a uniform whole body 

exposure from penetrating low-LET external radiation, such as'gamma radiation or x-rays, is now 
*'recognized to be about 5 -Sv-' (orY x lO*\rem-') (ICRP 1991; EPA 1994; Pu&n and 
Nelson 1995) for a popula all ages. This risk estimate is derived from the epidemiological 

" studies of the atomic bomb survivors and is supported by many other epidemiological studies of 
different populations in different exposure Circumstances. The uncertainty in the risk coefficient 
has'been estinkted to range from a factoi of 4 (5" percentile) below thenominal value of 5 X, lo-* 
Sv-' to about-twice themominal v 
') (NCRP 1997). In this case, 
Publication 60 (ICW 1991 
associate'd with the dose li 

15 mrem y-' . 5 x 10-2Sv-' . lo-* S 
I .  I . 

For a 70-year lifetime of exposure at the limit, the lifetime dose would be 1050 &em (1.05 rem) 
and the lifetime risk would be 5.25 x 10". This compares with a lifetime risk of'3 x 10" citkd in 
the CERCLA requirements (EPA 1997) as corresponding to the annual dose limit of 15 mrem y-'. 
This difference is because the period chosen by EPA @PA 1996, p45) for exposure in a lifetime 
is 30 years, as for all CERCLA exposures: and not 70 years. EPA determined that the 30 year 
time period is the most appropriate for application to site clean-up efforts. This is based on the 
fact that 30 years represents the national upper bound (90" percentile) time at one reside 
determined from the 1983 survey by the Bureau of the Census. 

from uniform whole body exposure of 15 mrem y-', is about 1.3 x 10" t6 9 x 10" (5* to'95" 
percentile). This raiige includes both the EPA estimate of lifetime risk for 30 years at 15 
(i.e., 3 x 10") and our estimate of lifetime risk for 30 years (Le., 2.25 x 10"). 

The same nominal risks would be expected to result from exposure to a radionuclide 
uniformly distributed in the body, such as tritium, although the uncertainties may be different 
depending on the exposure circumstances. 

Plutonium does not distribute uniformly among the organs and tissues of the body after 
inhalation, and, consequently, the risk from a given intake is not distributed uniformly in the body 
either. Howeve, plutonium's distribution after inhalation is comparatively well known. In fact, 
97% of the risk arises in only four organs or tissues - lung, liver, bone (Le. bone surface) and 
bone marrow, as can be seen from the data on dose per unit intake given in ICRP Publication 71 

* Adapted from material provided by W.K. Sinclair, Ph.D. 

The range of uncertainty on our estimate of a lifetime risk (70y) of 5.25 I *  

~ _ -  

~ 

1 sievert (SV) = 100 rem 
The actual risk at this dose limit will ostensibly vary with the age of the individual exposed, but over a 

lifetime the risk will average out at the nominal value of 5 x 10-2Sv-' because the nominal risk is for a 
population of all ages. 
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(ICRP .1995), which is discussed in Grogan et al. (2000). After inhalation of 1-pm AMAD 
(activity median aerodynamic diameter).particles of -%', the total effective dose is given as 1.6. 
x Sv Bq-' [see ICRP 1995, Table 5.29.3(c) absorption type S, (i.e., slowly absorbed), for 
adiilts]. This effective dose is, essentially the same as. *atA obtained,:by adding up,the Cqntribution 
of each of the organs to the effective dose using weighting factors ( 1 . 4 9 ' ~  Sv Bq-') (see 
Table E-1, first 3 co1umns):Table E-1, column 4; gives the.mo,dity risk per..unit dose .for each 
organ.(Grogan et ,d.. 2000)..Column 5 shows the total,gsk for:each,~org%-f&r a given '3% .. i intake, . _  

The lifetime risk associated with the effective,dose. for. plutonium is.obtaiqed by .multiplying 
it..(l.6.x 10-5:s~ Bq-1) by .the nominal fisk (5 x ;lo-* Sv;!) to yield .8.0 X lOT7'Bq-'; :.Altematiyely, 
&d,.useful, as .a .check, the..risk ,,from this effective dose .can be,-\ibt+n+i. ,by adding ;up the 
individual components of .  the risk in each of the !prgqs .!or tissues (Table .E-!, .column . .  5) 
calculated .using mortality risks per unit, dose ,for ,these organs and. tissues, shown. 
(Grogan,,et 'al. 2000, Table 9-4). .This sunis the..actual r isks for.;orgqs and-tissu 
.weighting .factors, as shown:in column 5 of,Table E-1. These components:of $he.,ris 
x :BqT'.(Column 5, Table: E-19, which is in reasonable agreement . , w i ~  8:0.<x l0y7.Bq-', I .  _ .  

especially considering that the risks estimated in Grogan;et al. .(2wO) .were.:newly ,developed ,and 
proposed. 

,Thus, the total risk of any given intake by inhalation, although distributed very.differently, is 
essentially the same in this case for a given effective dose as. for a uniform exposured. The 
uncertainty, however, is much greater, about a factor of 30 in either ,direction or a range of about 
lo3 for the risk from plutonium (Grogan et al. 2000, Section 9.6) compared with a.rGge ,of only 8 
for the nominal.value of risk from external radiation. 

' 

. .  
;. -:. . .  calculated by multiplying co1.umn .1 and column 4 values.., -., : > ; . : ; < > . ; > : : ;  , . .  . :  

E.l SUMMARY OF RISK ASSOCIATED WITH DOSE LIMIT , 

. .  

In summary, the risk following an effective dose of plutonium of 15 q e d y  for a lifetime of 
for a population 1 .  of all 70 years is about 5 x lo4 ranging from about 2 x lo-' to about 45  x 

ages (and 4 x 10" ranging from 2 x exposure, lifetime of , 

30 years, as used by the CERCLA program, it is about 2.3 x .lo4 probably ranging from ab.out 1 . 
x to about'7 x . .  

to 12 x 10-3'for adults only). For 

. .  
. .  

The effective dose is often a relatively crude indication of fatal cancer risk since, except in the case of 
uniform distribution, it depends on the ICRP assigned weighting factors. These are based on fractions of 
the total health detriment and the detriment includes factors other than the fatal cancer risk. Furthermore 
the fractions are rounded at that and are sometimes very approximate. This can sometimes lead to 
discrepancies between the risks obtained by summing the contributions of the risk from the individual 
organs and the risk apparently associated with the effective dose (see, for example, EPA 1999). As we have 
seen in the case of plutonium by inhalation the discrepancies are not large especially compared with the 
uncertainties. 
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, Totalmo@ity 

j Bone marrow ~3.2 x lod7 0.127 0.004 x 1 

Oesophagus 3.5 x 0.05 0.0017 x 
Stomach 3.5 x 10-~  0.12 0.0042 x 1 0 - ~  

a From ICW( 199 1) 
From Table 9-4, Grogan et al. (2000), but divided by 20 for Sv-’ 
Whole body = 1.6 x Sv Bq-’ (according to ICRP 1995, Table 5.29.3(c)) 

E.2 RISK LIMITS VERSUS DOSE LIMITS 

The joint Task Force of the DOEYEPNCDPHE, after much detailed consideration 
(DOEYEPNCDPHE 1996), decided to specify a dose limit, 15 mrem y-’, to which the RSALs 
must conform rather than a risk limit. This is an important matter for anyone or any organization 
attempting to-define RSALs and/or other specified limiting quantities because of the various, 
indeed manifold, past discussions and writings of the EPA and other responsible government- - -=- - - 
agencies on the question of specifying risks that the public might reasonably be exposed to. This, 
of course, assumes that zero risk is not only impractical and impossibly costly in the case of 
contaminated soils but also counter-productive in that the effort to achieve it can give rise to more 
serious risks that outweigh those for which remediation is sought (EPA 1996). It is worth 
considering the background of risk limits versus dose limits and the status of the problem at the 
present time. - 

It is completely understandable that an agency such as EPA, given the responsibility for 
protecting the public against contamination from all kinds of noxious agents, would want to use a 
risk basis for their limits, especially if all of these agents induce cancer as the risk of primary 
concern. Risk is then the only common currency as a measure of the effects of physical agents 
such as ionizing radiation, ultraviolet, ultrasound, etc.; chemical agents such as arsenic, benzene, 
chloroform, etc.; biological agents such as aflatoxin, etc.; and presumably any other cancer 
inducing agent, whatever its nature. It also enables the effects of modifiers of these risks such as 

- 
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sensitizers, inhibitors,'.,smoking; dcohol,' hormonal -factors,'etc., to bei;qu&tified. E P A , & - b y  
discussions on the subject, h& .made a target based on risk;: namely that a lifetime risk in the 
range of 1O*.to'1O4 should bs  aimed at as a limiGg factor in regulatory decisions (EPA 1996, p 
'19)". Presumably, a lifetime risk of lo4 is not to be.exceeded&d lo4 is the lowest risk worth 

. . . .  . .  

- . 

, . . . * .  . . . ? I  . :  
. -  

. noting (i.e., risks below lo4 d e  negligible). ' ' . .  ' 

. . . . . .  ;.Nevertheless, risk limits have. apparently &ever b&n specified as such. and. in the case of _ _  
contaminated Soil,. EPA finds the l i f e h e  risk (3.x IO4) associated with .15 h e m  y-' "protective" 
and acceptable as a limit (EPA 1996, p15) even 'though it exceeds' the.target. However, the risk 
associated with 25 mrem y-'. (5.x lo4) is apparently not .sufficiently protectivelof the public.(EPA 
.'1996,.p 34). Thus, there.is &&rbitraxhess about just where to draw he line, &I arbitrariness tliat 

' unfortunately dogs all regulatory' decisions of this [type: Another well-known circumstance .at 
variance with':the target risk is EPA's guidance level for domestic indoor radon that.is:set!at , 

advising remediation .for radon levels :at 4 pCi L-' or' more (EPA b d  DHHS 1986):.%is 
corresponds to a lifetime risk of 1-2 x 10T2,' wel1:above .EPAb'normal..aim.for riskxontrol.(see . 

' 

. . 

' . , 

. . 
' 

. ' 

.. . . .  
. .  

foohote'e): 8 . . . .  -. ' - . !  . ,  ![+: I ', iji. .-. 

W i l e  a specified risk limit may be attractive fdr all .c ogens;'in the case of radiation, a 
specified risk limit is at least superficially less satisfactory &an a specified :dose .limitjifor-;two 
reasons. First, dose is a physical measure of h e  arriobt of radiation in'question and c*+readily 
be measured, which is a very important consideration when establishing 'limjts: Second, .estimates 

.. of.risk per unit dose have been changing-substantially over time and have onlyre 
to stabilize (UNSCEAR 2000). Unfortunately, risk, especially the .type of hate 
from carcinogenesis, is not readily: measurable. and. must .be calculated . often .from .long-term 
studies of the effects of the agent in question on populations.' Ipherent in'many of these studies are 
uncertainties in the estimates of risk, some of which cknot  easily be reduced. Consequently, at 
the present time, it would seem more appropriate to do. as DOEEF'AKDPHE (1996) have done 
and firmly specify a dose limit for the k i n d l y  exposed individual but to note the. approximate 
risk that is associated with this limit as discussed in Section E.2. It is this effective dose limit'(15 
mrem y-' for 30 years) .that has formed the basis of the iisk estimates calculatedin this .appendix. 
These'are 'maximum risk estimates. The RSALs calculated in.the:@ body. of ,this. repoorare . 

. 

based on the 15 mrem y-lrbeing reached-only once as the result of.a.fit-e; and-all other years yere 
assumed to be at a lower exposure. Thus, the risk could range from?:5: x,.lO* as a.$nimum (1 
year at 15 mrem y-' with all other years at zero exposure) to 2 . 3 , ~  10%~ a wimum,(30,years at 
15 mrem y-l). Each of these limits is!unlikely. to represent the .actual risk; .rather,,the rkk.>falls 
somewhere between them. " ~ . , > .  , . , . * .  - - i .  .: . . , . : .  . . . . . . .  . . . .  

, 

-. . .  

. . .  . . . . . . .  . . . .  . 1 . .  
~ i '  ::'i i .  :. . .  ........... . . 

. . . . . .  . . . .  . . : : .  . .  - .  .. . . .  . .  .L ... 3 ,  : Y  ..... ,, . . . . . . . .  , .  
. . -  

.: , . > , I. . . ~ . 2 k  . 

. .  
. . .  . . . . . . . . .  . . .  : 1 - . :  . . ( . I \ . .  . :  . .  . .  . .  . - > . . . _  .: 

In a preamble to a recently proposed rule for -radionuclide, MCLs,' @e -Agency jstated that "lpngstanding 
and carefully considered EPA, policy .for regulating carcinogens in drinking water .is that the lifetime 
individual risk target is 1 in 10,000 (10:) to 1 & l,O00,0oO ( lo4) risk, { $6FR33058}, cigi in.EPA (1996). 
In EPA (1996) (for example p.9, p.28) the term "effective dose 'Apiivalent". is used, .but this . h g  6een 

replaced by "effective dose" with different component weighting factors and .'different 'estimates of organ 
risk by ICRP in 1991:It is not clear whether.both .the organ. risks and'the weighting factors:have:been 
updated. 
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EXECUTIVE SUMMARY 

This report provides recommendations to the Radionuclide Soil Action Level Oversight 
el for consideration in developing a sampling protocol for the Rocky Flats Environmental 

a review of the available statistical methods 
e Rocky Flats environment and this rep0 

the soil action levels in 
for sampling protocols 

f soil sampling at the site. Several areas of the RFETS soil sampling program were considered 

study. Therefore, we considered it 

s provided in the RFETS sampling program. 

recommendations for elements of a soil sampling protocol that are considered important to the 
study. These elements include (a) data quality objectives process, (b) multiple radionuclide 
considerations, (c) classification and identification of survey units, (d) soil sample depth, 
(e) sample spacing and methods, ( f )  small areas of elevated activity, (g) surrogate measurements, 
(h) number of required samples based on statistical methods, (i) independent confirmatory 
investigations, and (j) soil sample quality assurance. 

Specific recommendations made in this report include 
1. Involve an Oversight Panel representative on the data quality objectives team for 

developing the soil action levels sampling protocol. 
2. Consider assessing multiple radionuclides in the RFETS environment for comparison to 

the radionuclide soil action levels. 
3. Use a classifkation scheme for idenwing those survey units with contamination near or 

above the radionuclide soil action levels for more focused sampling efforts. 
. ~ Select-suryey units and d e t e r n e  @e approprjate-area-of the sgvey-uni& 
. Use appropriate sampling depth and profile sampling methods for comparison to various 

pathways of concern. 
6. Conduct systematic grid sampling to allow for evaluating small areas of elevated 

contamination. 
7. Implement additional methods to ensure that small  areas of elevated contamination are 

identified and investigated based upon radiation detector instrumentation and scanning 
surveys. 

8. Use surrogate measurements to reduce the analytical cost of investigations. 
9. Employ statistical methods to determine the appropriate number of samples and ensure a 

statistically significant result. 
10. Use an independent verification survey to evaluate the results of the RFETS final status 

surveys. 
11. Establish quality assurance requirements for soil sampling and methods to determine the 

number of required quality assurance samples for each survey unit. 

- _ _  - ~ - _  - -~ 
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ACRONYMS 

CDPHE 

DOE U.S. Department of Energy 
DQI data quality indicator 
DQO data quality objective 

EPA US. Environmental Protection Agency 

G W P  General Radiochemistry 

WGe hyper-pure germanium 

Imc minimum detectable concentration 
MARTSIM M ncy Radiation Survey and S 

NRC U.S. Nuclear Regulatory Commission 

QA quality assurance 
QApjP quality assurance project plan 
QC quality control 

RAC Risk Assessment Corporation 
RFETS 

SOP standard operating procedure 

Colorado Department of Public Health and Environment 

Rocky Flats Environmental Technology Site 
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This report provide 
Panel (RSALOP) for c 

RAC is providing the MAL 

Panel. The following 
of a specific sampling pro 

Determiniing acceptable decision errors is also iterative. The decision- 

* Several statistical methods are available for evaluating sample data to the konuci ide  
soil action levels; each method requires different calculations 
interest. Although most methods are similar (i.e., re&ire 
contaminant variance), they require varying calculation e 
be used if the distribution of the data is known; alternatively, nonparame 
may be used without knowledge of the population distribution. 
Sampling units must be defined based upon knowledge of the site. Because of the 
windblown nature of contamination at RFETS, determining sampling units is very 
important. For instance, with windblown contamination, the soil concentrations decrease- = --. --- 

with increasing distance from the source. Therefore, larger survey areas will tend to 
provide a lower mean contamination concentration than smaller survey units. 
Determining survey unit sizes requires knowledge of the contaminant distributions 
throughout the site and areas that will be remediated. Areas of remediation may be 
defined as survey units because remedial activities tend to result in areas of 
homogeneous residual contamination. 
The variance in contamination measurements must be estimated before the number of 
samples can be determined for the survey unit(s). The estimate of the variance may be 
obtained from prior sampling studies for the area, by using professional judgment from 
past experience, or by initiating a preliminary sampling survey to provide the variance 
estimate. 
Consideration must also be given to determining how small areas of elevated 
contamination in excess of the radionuclide soil action levels -will be addressed. 
Typically, soil sampling will not provide sufficient coverage to detect small areas of 

~ - -  - - 
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elevated contamination. The number of samples required to provide confidence that 
small areas of elevated contamination have been found is cost prohibitive. Therefore, 
additional methods must be used to provide confidence that significant small areas of 
elevated contamination have been identified. Radiation detection equipment can be used 
to scan the entire survey unit to identify small areas of contamination in excess of the 
soil action levels. However, the equipment must be capable of detec%g contamination 
at the level desired. This requires knowledge of the instruyntation, including detection 
efficiencies for the contaminants of concern. At the'RFETS, the zlllh contamination is 
identified by the low energy gamma radiation obtained from the decay of the,241Am 
daughter product. Therefore, a correlation between the plutonium contamination and 'the 
americium contamination must be established to ensure that areas of elevated 
contamination detected also provide coverage for the other radionuclides. 

RAC conducted a review of the RFETS soil sampling program to deterrke 
status of soil sampling at the site. The RF~ETS soil sampling program &ieiLis 
Section 2. Several areas of the RFETS sampling program were consideied adequate for use in tie 
RFETS sampling protocol. The RFETS soil sampling program applies the proiess for 
ensuring that the sampling program will provide quality data for a specific s erefore, we 
considered it appropriate to develop a radionuclide soil action level sampling protocol by 
applying the principles provided in the RFETS sampling program. 

The report provides the Oversight Panel with recommendations for those elements of a soil 
sampling protocol that are considered important to the radionuclide soil action levels project. 
These elements include the (a) DQOs process, (b) multiple radionuclide considerations, (c) 
classification and identification of survey units, (d) soil sample depth, (e) sample spacing and 
methods, (0 small areas of elevated activity, (g) surrogate measurements, (h) number of required 
samples based on statistical methods, (i) independent confirmatory investigations, and (i) soil 
sample quality assurance (QA). 

. 

i 
I 

.1. 

. 
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2. REVIEW OF TEE ROCKY FLATS SOIL SAMPLING PROGRAM . 

RAC conducted a review of the RFETS sampling program and procedures to evaluate the 
current program against established guidance and .standards. We reviewed the overall sampling \, 
program, QA, standard operating procedures (SOPS), and individu 
plans were reviewed. 

The RFETS sampling program incorporates the present guide 
American Society of Mechanical Engineers (ASME) NQA-1 (ASME 1989); U.S. Department of 
Energy (DOE) Order 5700.6~ (DOE 1991); DOE Order 5400.111(DOE 1989); U.S. Environmental 
Protection Agency (EPA) guidance for Comprehensive Environmental Response, Compensation, 
and Liability Act sites (including the DQO process) @PA 1994a); and, Multi-Agency 8adiation 
Survey and Site Investigation Manual (MARSSIM) methodologies (NRC 1997). The review of the 
RFETS sampling program determined that appropriate QA, SOPs, DQO development processes, 
and documentation exists to support soil sampling field and analytical data. The soil sampling 
program is largely based upon EPA Comprehensive Environmental Response, Compensation, and 
Liability Act guidance, which has been adopted, in part, by MARSSIM (NRC 1997). 

The main area of concern, in terms of the RFETS ssinipling prograin, involves the varied use.. 
of two soil sample collection methods: (1) the Colorado Department of Public Health and 
Environment (CDPHE) method and (2) the Rocky Flats method. These two methods, involving 
differing sample collection depths, have created problems when attempting to compare data sets 
from numerous studies. Recent studies, such as the Phase II Remedial Feasibility 
Investigation/Remedial Investigation Report for the 903 Pad, M o d  and East Trenches Area 
Operable Unit No. 2 (DOE 1995), used both methods during the study so comparisons to older 
data sets could be made. A study of the results of the two sampling methods was suggested in 
DOE (1995); however, such a study was not found within the available RFETS literature. Litaor 
et al. (1995) compared the two methods, and Section 3.4 provides the results. 

The following sections detail the review of the RFETS soil sampling program. 

2.1 Quality Assurance Project Plan 
- 

~ 

~ .. - - _  - . -  - -  

The overall soil samplingQA program document foftheFWETS is contained in the Quality - - - -- e - - - 

Assurance Project Plan (QAPjP), which is a controlled document with the procedural title of 
Rocky Flats Plant Environmental Management Site- Wide QA Project Plan (EG&G Rocky Flats 
1994). This QApSP meets the requirements set forth in the following guidance and regulatory 
documents : 

EPA QAMS/005/80, Interim Guidelines and Specifications for Preparing Quality 
Assurance Project Plans (EPA 1980a) 
DOE Order 5700.6c, “Quality Assurance” (DOE 1991) 
DOE Order 5400.1, “General Environmental Protection Program’’ (DOE 1989) 
ASME NQA-1, Quality Assurance Program Requirements for Nuclear Facilities 
(ASME 1989). 

The Q N j P  describes the policy, organization, functional responsibilities, and QA 
requirements and methods necessary to ensure that quality data are obtained from field activities, 
including soil sampling. The QAPjP is used as the basis for developing the sampling programs at 

DRAFT “Setting the standard in environmental heaW 
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RFETS. SOPs have also been developed for RFETS, which describe the field techniques to be 
used during soil sampling field investigations at the R€TTS (see Sections 3 and 6). The 'SOPs, 
together with the QAPJP, form the RFETS sampling and analysis plan. 

-In addition to the QAplP and SOPs, the QAPjP requires developing an operable unit-specific 
work plan or field sampling plan. The work plans describe how each operable unit will be 
characterized and include specific operable unit background information, sampling objectives, 
sample locations, and minimum frequency for each task or operation. 

The QAPjP also requires that each work plan be accompanied by a. quality assurance 
addendum. The quality assurance addendum outlines the site- or operable unit-specific measures 
to be taken to meet the QA kquirements in the QApjP. The quality assurance addendum 
references the SOPs to be followed during the investigation of a specific operable unit.-bIn 
addition, specific SOPs may be developed for desired variations in the standard SOPs, which are ' 
necessary for specific tasks in a particular operable unit. 

The minimum frequency requirements are set forth in the QAPjP and are given in Table 2-1.- ' 
The QAPJP also provides guidance on QA for soil sample data quality indicators @QIs 

* .  
. ,  

~ 
Table 2-1. Quality Control Sample Collection Frequency at the WETS 

Activity Frequency 
Field duplicate 1 in 20 
Field blanks" 
Trip blanks 
Equipment rinse blanks 
Other quality control activities 
a According to the QApjP, the use of field blanks for soil and sediment sampling at the RFETS is not appropriate 

As specified in work pladquality assurance addendum 
As specified in work pladquality assurance addendum 
1 in 20 or once per day, whichever is more frequent. 
As specified in work pladquality assurance addendum 

because of the lack of commercially available blank soil and solid materials that adequately reflect the various soil 
types encountered. Developing blank soil types within the Rocky Flats Plant region is not practical because of the 
subjectivity of characterizing background soil conditions and variability of soil types. 

2.2 RFETS Standard Operating Procedures 

The SOPs at the RFETS for soil sampling are contained in two main procedural Lacuments: 
(1) Environmental Management Administrative Procedures, Manual No. 3-21000-ADM and 
(2) EMD Operating Procedures, Manual No. 5-21OOO-OPS. 

2.2.1 Environmental Management Administrative Procedures 

Environmental Management Administrative Procedures, Manual No. 3-2 1 W A D M ,  
contains administrative-level procedures. In other words, these procedures provide the 
requirements for developing quality assurance addenda, procedures, forms, and records 
management. Procedures that are directly related to the topic of soil sampling at the RFETS are 
shown in Table 2-2. 
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Table 22. RFETS Administrative Standard Operating Procedures Related to Soil Sampling 
Procedure No. Procedure Title 

Control of Quality Assurance Addenda (QAA) Development 3.04 
5.01 Procedure Development 
5.03 RFYRI Work Plan Development 
5.08 Forms Control 
6.01 Document Control 
8.01 
17.01 Quality Assurance Records Management 
18.02 Surveillance 
18.03 Readiness Review 

Control and Identification of Samples and Data 

2.2.2 EMD Operating Procedures 

EMD Operating Procedures, Manual No. 5-21000-0PS, consists of several volumes of 
SOPs. Volumes that are pertinent to soil sampling include Volume I: Field Operations, Manual 
No. 5-21OOO-OPS-F0, and Volume ZZZ: Geotechnical, Manual No. 5-21ooa-OPS-GT. These 
SOPs are provided to the field personnel and describe the procedural steps required to complete a 
specific task. Table 2-3 lists the procedures in these volumes that are pertinent to soil sampling at 
the RFETS. 

Table 2-3. WETS EMD Standard Operating Procedures Related to Soil Sampling 
Procedure No. Procedure title 

F0.03 General Equipment Decontamination 
FO. 10 Receiving, Labeling, and Handling Environmental Materials Containers 
F0.13 Containerization, Preserving, Handling and Shipping of Soil and Water Samples 

Environmental Sample Radioactivi FO. 18 
GT08 - Surface soiTSainpling-- - 

GT.17 Land Surveying 
- ~- - . - - ~ _ _ _  

_ _  ~ 

2.3 RFETS Analytical Laboratory Requirements 

RFETS has developed The General Radiochemistry and Routine Analytical Services 
Protocol (GRRASP), which provides the procedures for analytical laboratory work (EG&G 
Rocky Flats 1994b). Technical requirements in the GRRASP spec@ the methods to be used, 
required detection limits, and deliverables necessary. 

The analysis of radionuclides at the RFETS are conducted in accordance with the standards 
and guidance set forth in the following documents: 

Radiochemical Analytical Procedures for Analysis of Environmental Samples 
Test Methods for Evaluating Solid Waste @PA 1986) 

(EPA 1979) 
Risk Assessment Corporation DRAFT "Setting the standard in environmental health" 
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Interim Radiochemical Methodology for Drinking Water (EPA 1976) 
Prescribed Procedures for . Measurement of Radioactivity in Drinking Water 

~ 

for the Examination of Water and Wastewater (APHA 1989) 
Eastern Environmental Radiiztion Facility Radiochemistry Procedures Manual 

Laboratory mthod detection l i t s  and DQOs are provided in Appendix B of the QAPjP. 

(EPA 1984) 
Methods for Chemical Analysis of Water and Wastes (EPA 1974) 
Procedures for Radiochemical Analysis of Nuclear Reactor Aqueous Solutions 
@PA 1973) 
The Procedures Manual of the Environmental Me&urements Laboiarory (DOE 1997) 
U.S. Nuclear Regulatory Commission Regulatory Guides. 

I 

2.4 RFETS Data Validation Requirements 

Functional guidelines for validating most radiochemistry data have not been published by 
EPA; I however, ' .  data validation functional guidelines, applied directly from EPA Contract 
Lgbiir&ory<Program, have been established for the RFETS. The functional guidelines that are 
used to validate analytical data at the RFETS include 

Laborarory Data Validation Functional Guidelines for Evaluuting Organic Analyses 
(EPA 1988a) 
Laboratory Data Validation Functional Guidelines for Evaluating Inorganic Analyses 
(EPA 1988b) 
Water Quality Parametric Data Validation Guidelines (EG&G Rocky Flats 199Oa) 
Radiochemical Data Validation Guidelines-Tritium Analysis by Liquid Scintillation 
(EGBG Rocky Flats 199Ob) 
Radiochemical Data Validation Guidelines-Isotopic Analyses by Gamma Spectroscopy 
(EG&G Rocky Flats 1991) 
Radiochemical Data Validation Guidelines-Gross A l p M e t a  by Gas Proportional 
Counters (EG&G Rocky Flats 199Oc) 
Radiochemical Data Validation Guidelines-Isotopic Analyses by Alpha Spectroscopy 
(EG&G Rocky Flats 199Od). 

. . . . .  

Laboratory quality control (QC) procedures are in place for radiochemistry. The laboratory 
QC procedures and samples used are described in detail in the analytical methods cited in the 
GRRASP. 

2.5 RFETS Soil Sampling Methods 

Soil sampling methods for the RFETS are described in EMD Operating Procedure GT.08, 
Manual No. 5-21OOO-OPS-GT, Volume III: Geotechnical. This operating procedure describes 
the surface (near-surface) soil sampling procedures in use at the RFETS. Near-surface soil is 
defined in the SOP as those soils between the ground surface and 1 m (3.3 ft) in depth. 

The procedure states that 

DRAFT 
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.The purpose of surface soil sampling at the RFP can be related to one or more specific 
ectives:These are as follows: 1) resuspension availability, which determines if 
ionuclides are present in the top-soil that could become resuspended in the air and 
s pose a migration pathway-by inhalation; 2) deposit inventories, which determine 
amount of accumulated radionuclides deposited on the ground; 3) distribution of 
taminants, which defines the areal distribution of contaminants; and 4) deposition 

nt, which defines the areal distribution with depth of radionuclides in the t 

PHE sampler is one method for collecting soil samples for radionuclide analysis at 
the RFETS. The CDPHE sampler was designed to sample radionuclides in the topsoil that could 
become resuspended in the air and, thus, pose a migration pathway by inhalation. The sampler is 
designed to obtain a sample from the upper surface '/4 in. deep, from an area 2 in. wide and 
2-3/8 in. long. The CDPHE soil sampling device is shown in Figure 2- 1. 

. .  

.:.- . .  

Front End Backend 

J 
I 

- -- - =  -- - = 
I - _  

HOLE 2 in. 

- 

/ 
! 

Rolled Edge -b 23/8in. 1/4 in. 

TEMPLATE SPADE 
1 1 

Figure 2-1. CDPHE soil sampling device. 
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Vegetation and any undesirable top layer of surficial material are removed. The CDPHE 
template is placed on the ground so that the soil surface is even with the upper surface of the 
sampling tepplate, The-sampling spade is placed at the backend of the template, and the front 
edge of the spade is- placed into the soil ?4 in. deep. The sampling spade is drawn toward the front 
of the template to ob% the surface soil sample. The spade is again placed in the sampling hole 
and drgyp foyard toeensure that the ?4 in. soil sample has been obtained. The soil sample is then 

The total number of samples and their locations are specified in the site-specific field 
sampling plans for each project. A specific number of samples are collected and composited from 

placed.@to a sample container. * #  

plot. The sample locations are described by an evenly spaced grid. 
1 .  

I .  

od is used to dete amount of accumulated plutonium that has 
d. This determination is accomplished by collecting a sample volume 

of 5000 cm3 of soil in situ. The Rocky Flats jig outlines a square area with l k m  sides and is 
driven 5 cm into the soil to cut three sides of the s q l e r  (see Fie- 2-2). At the fourth side, soil 
is removed from outside the jig’s krimeter. The scoop is used to finish the cut on the fourth side 
(open face) of the sample and the bottom surface. 

-.- Ten samples are collected at each location and composited. These 10 samples are collected 
at the -ce,nter and corners of two 1-m squares that are spaced 1 m apart. Figure 2-3 illustrates this 
sample-collection spacing. The soil samples are passed through a 10-mesh metal sieve to remove 
large particles (such as cobbles and stone) that do not pass through the sieve. After sieving, the 
10 soil samples are composited, mixed, and quartered to obtain a sample for laboratory analysis. 

Open Face 
(10 cm wide) 

Figure 2-2.- Rocky Flats soil sampling device. 
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2 rab Sampling Method (Spade and Scoop) 
. . F-. 

@ Surface soil samples can be collected for radionuclide analyses using grab sampling (spade 
and scoop) methods at RFETS. The vegetation and any undesired surficial material are removed 
from the area to be sampled. The soil sample is then collected to the desired depth using a 
stainless steel spoon or scoop. 

The total number of samples and sample locations are specified in the site-specific field 
,-- 

sampling plans. 

2.5.4 Vertical Soil Profile Method 
- -  - - _  _ _  - -  - .~ . -  - -  ~ _ _  - .- --- - - -. _. 

The purpose of the vertical soil pro ampling at the RFETS is to define the distribution of 
radionuclides in the top 6 in. of soil to verify the results of the hyper-pure germanium (HPGe) 
surveys. This sampling is accomplished by collecting discrete soil samples at 2-in. intervals 
corresponding to depths from 0-2 in., 2 4  in., and 4-6 in. Sampling of 2 in. is required to define 
the extent of radiological contamination within discrete layers of the surface soil. Four RFETS 
procedures are used to obtain these samples: (1) collection from the surface downward, 
(2) collection from the side wall of a small excavation, (3) collection by coring, and (4) collection 
from beneath concrete and asphalt pavement. 

The total number of samples to be collected and their locations are specified in site-specific 
field sampling plans. A sample of approximately 500 g is obtained for each soil profile interval. 

- 
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2.6 Summary of RF'ETS Soil Sampling Program Review 

RAC reviewed the RFETS soil sampling,prograps to ensure that cuffent standards and 
methods were being used. The RFETS 'follows industry standard requirements for QNQC 
programs through the use of the QAPjP, SOPS, quality assurance addenda, work plans, and other 
documentation. The program provides a level of flexibility required in soil sakpling programs to 
adjust sampling needs to site-specific and study-specific requirements. Overall, the RFETS 
sampling program meets the industry standards and ensures the collection of quality data. 

Administrative procedures have been developed for 'the RFETS that provide the basis for 
developing and controlling QA documents, procedqres, work plans, and sample data. 

Field procedures have also been develop4 at the RFETS that provide field personnel with 
' the required documentation for performing assigned field duties and studies. Standard procedures 
are in place that document the,steps necessary to collect,-containerize, label, and ship samples to 
the laboratory..In addition, the prockdures address such issues as equipment decontamination, 
sample ldcation determination using standard survey and global positioning systems, and 
documen@tion of @e survey process, including sample chain-of custody (COC). . 

The RFETS procedures and protocols for surface soil collection use four methods: 
(1) CDPHE method, (2) Rocky Flats method, (3) grab sample method (spade and scoop), and 
(4) profile sample method. Each sampling method is ked for different measurement purposes, 
which are described in Sections 2.5.1 through 2.5.4. 

The RFETS soil sampling program is considered adequate for ensuring that quality data are 
obtained for soil sampling activities. The flexibility'in the RFETS soil sampling program allows 
for applying other soil sampling techniques required for specific studies. Therefore, the program 
is considered sound -and provides the supporting framework required to develop a specific 
radionuclide soil action level s q l i n g  protocol. 

. . . . .  
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STEP 1 : STATE THE PROBLEM 
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I STEP 2: IDENTIFY THE DECISION I 
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, >  

STEP 4: DEFINE THE STUDY BOUNDARIES 

. STEP 5: DEVELOP A DECISION RULE 
I 

STEP 6: SPECIFY LIMITS ON DECISION ERRORS 

THE DESIGN FOR 
OBTAINING DATA 

1 I 

I 
Figure 3-1. The data quality objectives process (from EPA 1994a). I 
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. .  . .  

.. ~lthough the DQO~ prtjcess.-appe.m to..t&in-m,'the ii;hiai'ki+s-ii iikily'.tot,e iterative. . . . .  . 

. site may require less intensive DQOs- than the.fmal status s k e y  of the site. 

During &rtain discussions and decisions in. the process, .DQOs.in p~vioussteps &iy need to be 
.reconsidered or redefined. .In addition;4he.-DQOs process is'a,flexibleplahing 'tdol that-can be. 

. used more or less intensively ..as the situation reqws. For instance, a.p&liminary 'survey :of the .. 

'. .:.RAC recommends .the Overkght Phiel'he.the DQOs process& a &tegy .for ibvolvexbent, 
.in .the final status isurvey of .the ,RFETs. ..+The*j,DQO, process proVides a.'-framework for.'the 
.Oversigfit Panel to be -involved in deve1oping:the h a l  stiAtegy*for'the &&e of the'RFETS'and 
'provides a mechanism for developing an understanding with DOE reggdyg methods to be used 

'RFETS, .according to their-sim@ling'prograIn a i d  .:Qm'P, will use the DQO methods to 
determine the appropriate sampling protocol for comparison to .the soil .action .levels. merefore, m m  wfl convene:a &OUP Of Sd 

' .survey detection'&yipm&it 'and sampl 
.in "Oviirsight  ani^ "mtimber. p+re 
mikideration to ens& . an .. understan 

. 

, . -  

. .  
'. and decisions to be made for release of the ,site. 

basd'.ibs the' ,DQO p&&.&d &$ 

1 -  

6 .  . . _  

3*2 Radi'on~clide:Conljider-~tions . .' 
. .  

Multiple radionuclides in the contamination environment provide a complex problem in 
terms of radionuclide soil active levels and comparison to soil sample data. Each soil action level 
for a particular radionuclide corresponds to the dose-limit. In other words, if one of the 
radionuclides was present in the soil at its respective soil action level, then the receptor would 
receive the entire dose l i t  from that radionuclide. However, the RFET,S contamination 
environment contains several radionuclides, which could result in an exceedance of the dose limit 
even if each radionuclide soil concentrations were below their respective radionuclide soil action 
levels. 

Generally, the sum of ratios is used toedeal with multiple radionuclides for comparison to the 
radionuclide soil action levels. If the concenption of radionuclide j is denoted by C,, and its 
radionuclide soil action level is denoted by RSQ, then the sum of ratios rule for the n 
radionuclides states that 

-." 

- _ . _  . - 

. (3-1) 
. .  

, .~ . . .  .. . E _ _  . . . ,  ~ < * . . .  . . . _ . . . .  .... ... . .  - 
' I  

The sum of ratios rule ensures that the total dose due'to the .sum of .all the radionuclides does 
,not ex& the release criterion* .I ,. . . ,..- _,. ._ ' - .  . . . . 1 . - . . . .,-.- . . .. . . - 

RAC is conducting 'the pathway .. _c -modeling . . . , .  \.- .-for . . . . -the . . . . radionuclide . .. . . . .. ... soil .action levels 
stochastically. In other words, a discrete soil . .  .action. level value , not be provided for each 
radionuclide4ey will be provided as .distributions.:.In addition, nuclide concentrations in 
soil are not deterministic, rather they 'are ;uncertain &d c&.'lk' represented .by a probability 
distribution. One method of handling multiple radionuclides stochastically is to estimate the 
population within the survey unit being investigated. : The. population distribution of soil 
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. .  

, : 
. .  

concentrations-or alternatively, sample mean and confidence limits about the mean-can be ’ 
determined from the soil sample data. The mean and confidence limits provide for a stochastic 
assessment of the sum of ratios rule. This results in ci being a distribution of- 
sampled along with the distribution of radionuclide soil action levels for each 
C, and RSAL, for each radionuclide are sampled and the sum of ratios calcul 
iterations of this process provide 

The alternative method o g the sum of ratios rule for. multiple dionuclides 
considering the stochastic nature of the soil action levels involves the choice of a.point value for 
the RSAL:of each radionuclide. This can beacomplished by selecting a specific level of the 

ut distribution of the sum of ratios values. 

first instance, the 

ThetRFETS and Oversight Panel need to consider which method to apply to determine 
radionuclide soil action levels. The stochastic sum of ratios rule alternative provides for coupling 
the contaminant distribution and the stochastic soil action levels, thus, ‘providing.an ‘integrated 
approach. The decision of whether the survey unit meets the soil action levels would then be 
determined based upon (the distribution of values for the sum of ratios. The decision would be 
based upon an agreement of the acceptable probability that the survey unit exceeds the s u m  of 
ratios (for example, the survey unit is considered clean if there is only a 5% probability of 
exceedance). Determining fhe %acceptable probabilities is dependent on considerations of the 
radionuclide soil action level modeling and the degree of conservatism manifested in the final soil 
action level distributions. 

The point value alternative requires determining an acceptable probability that the 
radionuclide soil action level may be higher for a particular radionuclide than the probably level 
chosen. For example, the choice of the 95% level of the cumulative probability distribution 
function (CDPF) on the soil action level would indicate that 5% of soil action level vdues would 

‘--be ‘higher -than the--value-chosen. The-choice -of the percentile level-again depends on 
conservatism expressed in the distribution and the ,acceptability of error rates for &&es 
remediation or alternatively, unnecessary risk to public $health. 

The use of either alternative only provides assurance, based upon soil samples, that the 
estimated population meets the required levels of acceptability. However, these methods do not 
ensure that significant small areas of elevated contamination do not exist within the survey h i t .  
Section 3.6 discusses the concept of de of elevated contamination. . 

.3.3 Classification an cation of Survey Units 

3.3.1 Classification of Survey Units 

All areas of the RFETS site will not have the same potential for contamination and, 
therefore, will not need the same level of investigation to achieve the soil action levels. The final 
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verification surveys will be more efficient if the surveys are designed so that areas with a higher 
potential for contamination receive a higher degree of investigation. . ?,.- - 

- _  MARTSIM (NRC 1997) provides classifications for. areas based upon their potential for- 
contamination exceeding the respective action limits. Contamination areas must be,classified to. 
determine the appropriate survey unit size. Survey unit sizes are discussed in the Section 3.3.2. 
The MARSSZM classifications are described in Sections 3.3.1.1 through 3.3.1.3. 

33.1.1 Class 1 Area. Class 1 areas have, or. had before..remediation, a-potential for 
radioactive contamination (based on site operating history) or hown contamination (based.on 
previous radiological surveys).Areas containing contamination in excess of the actionl'levels , 
beforepmediatjon are classified as Class 1 areas. Examples of Class 1.areasinclude (a) site areas 
previo-usly .subjected to remedial actions, (b) locations where leaks or spills. are h o  
occurred, (c) former burial or disposal sites, and (d) waste storage areas. 

radioactive contamination or known contamination but are not expected to,exceed the action' 
levels. To jus* changing an area's classification from Class 1 to Class 2, the existing data from 
scoping or characterization surveys should provide a highdegree of confidence that no individual 
measurement would exceed the action levels. Examples of areas that might be cliissifkd as 
Class 2 for the finallstatus surveys include (a) potentially contaminated transport routes, (b) areas 
downwind from stack release points, and ,(c) areas on the perimeter of former contamination 
control areas. 

33.13 Class 3 Area. Class 3 areas are any impacted areas that are not expected to contain 
any residual radioactivity or are expected to contain levels of residual radioactivity at a small  
fraction of the action levels based on site operating history and pIevious radiological surveys. 
Examples of areas that might be classified as Class 3 include buffer zones around Class. 1 or - 
Class2 areas and areas with very low potential for residual contamination but insufficient 
information to justify a nonimpacted classification. 

33.2 Identification of Survey Units 

. 33.13 :Class 2 Area. Class 2 areas have, or had before, remediation, a pote 

I .  

A survey unit is a physical area consisting of land areas of specified size and shape for-which 
a separate decision will be made as to whether that area ex%& the action levels. The s 
is the primary entity for demonstrating compliance with the release criterion (NRC 199 

To facilitate survey design and ensure the number of suryey data po.ints for a site ,are 
relatively uniformly distributed among areas of similar contamination potential, the site is divided 
into survey units. The survey units share a common history and/or other characteristics ;or are 
naturally distinguishable from other portions of the si&. Dividing the site into survey units is 
critical only for the final status (verifkation) survey; scoping, characterization, and'lemqiial 
action support surveys may be performed without dividing the site into survey units. 

Based upon MARSSZM (NRC 1997), survey units sh be limited in size based on 
classification, exposure pathways modeling assumptions, an 
contains the suggested areas for survey units. 
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the RFETS concerning thi 

contamination at RFETS and surrounding offsite areas. A three-dimensional spatial model study 
of plutonium in soil was recently published in Webb et al. (1997). Hulse et al. (1999) is a 
comparison study of 241Am, 239*%, and 137Cs concentration in soil around Rocky Flats. 
Additional studies have been conducted by Rocky Flats researchers. Recent studies, such as the 
Phase II Remedial Feasibility InvestigatiodRemedial Investigation Report for the 903 Pad, 
Mound, and East Trenches Area Operable Unit No. 2 (DOE 1995) evaluated the site 
contamination for the 903 Pad using both CDPHE and Rocky Flats sampling methods. 

Litaor et al. (1995) used both the CDPHE and Rocky Flats methods for sampling of u9*% 
in the Rocky Flats environment. This study noted that because the CDPHE sampler collects only 
the top 0.64 cm of the soil, the sampler exhibited a serious problem in locating the boundary 
betweenthe soil surface and the litter layer accumulated above. The study concluded that there 
was no significant difference in activity in soil collectd with the CDPHE sampler versus 

using composited samples. Twenty-five samples were composited for the CDPHE method, with 
10 samples composited for the Rocky Flats method using survey unit sizes of 1.01 ha near the 
903 Pad and 4.05 ha further from the 903 Pad. The Rocky Flats sampling consisted of taking five 
subsamples collected from the comers and the center of two l-m squares, which were spaced 1 m 
apart in the middle of each survey unit. The CDPHE method required 25 equally spaced 
subsamples to be composited within each survey unit. 

The Litaor et al. (1995) study sampling protocols required composited samples, which 
introduced an additional source of uncertainty in the results because of the sample 
homogenization process. Composite sampling generally provides a very good estimate of the 
mean. However, no information for the variance of the concentration is provided, which is needed 
for the final status surveys. Composited samples are also unable to detect individual areas of 
elevated activity. The sampling methods used in the Litaor et al. (1995) study also required 

DRAFT 

239.24Opu ~ 

the Rocky Flats sampler. However, the study was based upon a spatial estimation of 239,% 

Risk Assessment Corporation 
"setting the standard in environmental health" 



16 The R o c b  Flats Soil Action Level'hdependent Review . ,  

i 
Task 6: Sampling Protocols ' 

different numbee .of samples from completely different .soil:.horizons: ;Nonetheless, the two 
sampling methods.npy:be comparable for the purposes of the Litaor,,et.al. l(1995) study; however, 
the two methods'are not considered equivalent for the purpose of determining attainment of the 
radionuclide soil action levels. ; .. ! * '  . . .  

The Webb et al.. .(1997) study. was conducted using a sampling.protoco1 .developed at 
c~lorado s L ~  university, with additional i d a c e  samples co~ected using the CDPHE method. 
'This study. selected 'thirteen' 100-m2~ma&oplots,~ .which were .sp&d 'at expodentially&c&ing 
distances from the .903 Pad along !each 'of four &s&ts. 'Sahples were .replicated :at'fo& 

'to (1)clip the'staiiding vegetationat bound level. inside a'I250 tm2 f m ;  then sc 
surf& soil usbg the CDPHEscoop and template method'hxid (2) clip the'stan'ding , ... vege&tion:at - .  . ' 

ground level &side a 625 cm2 frame, then excavate a 25 cm long x '1O'ckkide .area of Soil h.' 
3cm layers to a depth of 21 cm, loped earlier in Little (1976) .and 
later modified in Webb (1992). 

..- . 

. . . . . . . .  

... '\ 
'. 

. .  
. I 

. 4 
. .  I 

. .  . .  , \ L  
. . .  

randomly .located, 1-rn2~microplots~ibithinkch macroplot. The general s&ling~pro&ure ., .was ;;'" . .  

. / .  

L34mof , , . , 

. ' - ,  . 

. . . . . . . . .  

. . 
. .  . - 

. . .  . . . .  .. The.Webb et al. (1997) study d e ~ ~ e d  a depth distributio 
, 

. .  . . . .  mats . .  3i2). :,TG' &&oi . / < .  'th; ;e&- 
concentrations in' each layer (including 'the '&3- 
concentration for each soil profile,-Thehedians of 

fit to mathematical functions by trial and error,'but the final'regressi . .  ., . . .  . ~. . . : : . .  , . J  . .  
. . . . . .  ~. . . I  - . .  . . . .  . .  

. . . .  . . .  .. 8 .  . .  I .  . . .  . .  
. .  . -  

! 

0, 
Figure 3-2. The "%I concentrations in soil at all depths (Webb et al. 1997). 
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determined with commercial 
=9Pu values were used to 

Approximately 90% of the total inventories of the tw 
soil, with approximately 50% of the total inventory for th 
cm of soil. No difference was observed in 2?'Am %and 
column. 

areas near Rocky Flats. Litaor included an analysis of the vertical distribution of plutonium 
activity from 11 soil pits collected outside RFP. The study indicated that the top layer (W3 cm) 1 

was the most contaminated layer, with over 96% of 239% activity accounted for in the top 
12 cm of the soil; below the 12-cm depth, plutonium activity decreased to background levels. 

The studies discussed above indicate that the plutonium and americium appear to-behave 
similarly in the soil. Each radionuclide is expected to be boundlwithin the upper region of the soil 
profile, with an exponential decrease in activity with depth. Plutonium and americium have been ' 
extensively studied through the years in the Rocky Flats environment. However, information on 
uranium appears to be less intensive. The activity distribution of uranium with depth in the soil 
was not found during a literature search. Therefore, the discussion on s 

- upon theL hformation for plutonium and americium. Additionibformation- 
the radionuclide soil action level modeling and other studies to iden 
sampling depth applies to uranium. 

Determining an appropriate sampling depth depends on whether the survey site is disturbed 
(remediatd) or undisturbed. For undisturbed -sites, the data indicate that a large majority of the ' 
contamination is within the 0-3cm depth profile (Webb et al., 1997; Shierman 1994; -Litaor 
1999), and because of natural mixing processes, the contaminants are relatively uniform over the 
first 2 cm (Webb et al., 1997). However, if the site has been remediated, the contamination pro 
is l iely to be vastly different from undisturbed sites. 

The sampling depth is also dependent on the dominant exposure pathways d e t e w e d  from 
the radionuclide soil action level modeling study. For example, the =RAD computer model 
(Yu et al., 1993) assumes an average radionuclide soil concentration over 15 cm based on the 
assumption of an average plow depth. However, for radionuclides that present a soil surface 
resuspension and inhalation hazard, the upper surface soil concentration is of concern. Soil 
samples obtained for depths greater than 2 or 3 cm may dilute the surface soil sample, with lower 

ontaminants.residing in the to 
vement vertically in the 
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concentration soil at depth. This would result in the soil action levels being met, when in fact, the 
survey unit may exceed the soil action levels for the surface soil layer. Pathways, such as plait 
uptake and radionuclides leaching to the groundwater, may be based. on the -average soil 
concentration over depth. 

The recommended depth of sampling at the RFETS for the radionuclide soil action level 
project involves using profile sampling, similar to that conducted by Colorado State University 
(Little 1976; Webb 1992), or by the Rocky Flats vertical soil profile method (see Section 2.5). 
The sample depth protocol recommendation assumes that resuspension and subsequent inhalation 
is the dominant exposure pathway for the RFETS. The use of a profile sampling methods allows 
for assessing the surface soil layer for'compaxison to the radionuclide soil action levels for the 
resuspension pathway. In addition, information from all soil profile layers may be combined to 
provide average soil concentrations if additional pathways are determined to the impoxgnt. The. 
profile method also provides valuable information that may apply to future actinide migration 
studies. Using the profile sampling method in areas that have been remediated also provides 
information for evaluating the effectiveness of the remedial process. 

The profile sampling method provides valuable information to determine if the sampling 
method is required for other remediated sites. For example, the profile data from a particular 
remedial area may indicate that the remediation process results in a mixed residual contamination 
zone in the soil so that the profile method is no longer required. In this instance, sampling for 
remediated areas may revert to sampling the entire upper 15 cm of soil. 

The recommended profile stages are &3cm intervals, as conducted by Colorado State 
University. The Rocky Flats profile method uses 5-cm intervals, which are considered toohrge 
based on the depth studies available. However, the Rocky Flats profile method is used to correlate 
HPGe survey instrument data. RFETS sampling procedures provide the following applicable 
collection methods for the profile method that can be adopted for this protocol: (a) collection 
from the surface downward, (b) collection from the side wall of a small excavation, (c) collection 
by coring, and (d) collection from beneath concrete and asphalt pavement. 

. - 

3.5 Sample Spacing and Methods 

The CDPHE and Rocky Flats soil sampling methods used at Rocky Flats are based upon the 
concept of composite sampling from a systematic grid. Composite sampling consists of collecting 
several grab samples, from equally spaced intervals, that are thoroughly mixed into one 
composite sample. Then, either the entire composite is measured or one or more random 
subsamples from the composite are withdrawn and measured. If the mixing process is thorough, a 
physical averaging takes place so the subsamples represent the average concentration of the 
original grab samples. 

Cornpositing is useful if (a) the cost of analyzing individual grab samples for contaminants is 
high, (b) the mixing process is thorough, (c) information on the variability or extreme 
concentrations for grab samples is not needed, and (d) the total amount of pollutant present in the 
composite is equal to or greater than any single grab sample making up the composite. Therefore, 
if the entire composite or large subsamples are analyzed, the pollutant may be more easily 
detected (Gilbert 1987). 

Composite sampling presents a problem for the radionuclide soil action level soil sampling 
protocol. Composite samples do not provide an indication of the variance or information on 
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extreme sample values. Therefore, small  areas of elevated contaminants would not be identified 1 

by this method. Additionally, composite samples only provide an estimate of the mean soil 
concentration; therefore, the data do not allow a comparison to other percentiles of a distribution. 
For example, the mean concentration for each radionuclide may be within the action levels; 
however, no information is available to determine the fraction of the contaminant distribution that 
is above the action levels. 

Several sampling methods are available that could be applied to the radionuclide soil action 
level sampling protocol. These methods include random sampling, 'stratified random sampling, 
and systematic sampling. These methods are discussed in detail in standard statistical texts, such 
as Gilbert (1987), and in EPA guidance @PA 1991). The m 
following sections. 

3.5.1 Random Sampling 

Simple random sampling is the arbitrary collection of samples within defined boundaries of 
the survey unit. Random sample locations are chosen using a ran'dom selection process. The 
arbitrary selection of sampling points requires each sampling point to be selected independent of 
the location of all other points, and results in all locations within the area of concern have an 
equal chance of being selected. Randomization is necessary to make probability or confidence 
statements about the sampling results. The key to interpreting these probability statements is the 
assumption that the site is homogeneous with respect to the parameter being investigated. 
Because most sites are rarely homogeneous, other statistical sampling approaches are usually 
considered. 

3.5.2. Stratified Random Sampling 

Stratified random sampling relies on prior analytical data to divide the sampling unit into 
smaller areas called strata. Each sampling strata is more or less homogeneous than the sample as 
a whole. Strata can be defined based on various factors, including sampling depth, contaminant 
concentration levels, and contaminant source areas. Stratified random sampling is a useful and 
flexible-design-for estimating @e pollutant concentration'within each depth interval or area of 
concern. The use of a s t ra~ied  design for the area of concem 
survey units delineates the contamination area so that heterogeneity is controlled. 

3.53 Systematic Sampling 

- - - 
Ot n&ed because the U 

Systematic grid sampling involves subdividing the area of concern by using a square or 
triangular grid and collecting samples from the nodes (intersections of the grid lines). The origin 
and direction for placing the grid is selected using an initial random point. From that point, the 
coordinate axis and grid are constructed over the whole survey unit. The distance between 
sampling locations in the systematic grid is determined by the size of the area to be sampled and 
the number of samples to be collected. 

The recommended method of sampling for comparison to the radionuclide soil action levels 
involves applying a systematic grid sampling with a random starting point. This sampling process 
involves determining a uniform grid pattern over the survey unit. This sampling scheme is 
recommended to detect small areas of elevated contamination, and the random starting point of 
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the grid provides an unbiased method of obtaining measurement locations to be used in statistical 
test+ _ e  

y ping a systematic grid, the size of a small area of elevated contarnination that could 
potentially be missed by soil sampling can be easily calculated. Section 3.6 provides a further 
discussion on s m a l l  areas of elevated activity. Random start, systematic grid sampling is the final 
status survey method for soil sampling recommended by MARSSIM. Therefore, use of this grid 
system would allow for the UARSSIM approach-to be applied to the radionuclide soil action level 
study.. However, using this grid does not confine the analyst to the 'use of MARSSIM; other 
s t k t i c a l  techniques may be used to assess the soil action levels based upon the data obtained by 
this method. 

The number of samples (n) required for the assessment, determined using the DQO process 
and selecting specific statistical tests, is used to determine the spacing, L, of a systematic grid 

20 i 

pattern by . .  . .  
I.  :.. 

for a square grid 

where A = area of the survey unit. 

3.6 Small Areas of Elevated Activity 

(3-4) 

The use of a random start, systematic grid for soil sampling evaluates whether the residual 
radioactivity in an area exceeds the soil action levels for contamination conditions that are 
approximately uniform across the survey unit. The systematic sampling grid may not successfully 
identify small areas of elevated contamination. Instead, systematic measurements and sampling, 
along with surface scanning, are recommended to obtain adequate assurance that small areas of 
elevated radioactivity will still satisfy the action levels. 

MARSSZM addresses the concern for s m a l l  areas of elevated activity by using a simple 
comparison to an investigation level as an alternative to statistical methods. For Class 1 survey 
units, measurements above a point estimated radionuclide soil action level are not necessarily 
unexpected. However, a measurement above the soil action level at one of the discrete 
measurement locations might be considered unusual if it were much higher than all of the other 
discrete measurements. Thus, any discrete measurement that is above the soil action level and 
above a statistically based parameter for the measurement should be investigated. 

In Class 2 or Class 3 areas, neither measurements above the soil action levels nor areas of 
elevated activity are expected. Any measurement at a discrete location exceeding the soil action 
levels in these areas should be marked for further investigation. 

An investigation level is determined during the DQO process. When determining an 
investigation level using a statistically based parameter (e.g., standard deviation) researchers need 
to consider the survey objectives; underlying radionuclide distributions and corresponding types 
(e.g., normal, lognormal, or nonparametric); descriptors (e.g., standard deviation, mean, or 
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median); population stratification; and other prior survey information. For example, a level might 
be arbitrarily established at the mean plus three standard deviations, assuming a normal 
distribution. A higher value might be used if locating discrete sources of higher activity was the 
primary survey objective. 

The investigation of small areas of elevated activity requires modlfying the sampling grid for 
Class 1 areas in comparison to that determined using statistically determined sample numbers. 
'This grid modification is based on the ability of the radiation detection equipment to meet the 
required radionuclide soil action levels. Because "'Am is the maiq gamma emitfer for an 
indication of plutonium in soil, it would be the target radionuclide for detection by 
method of determining values for comparing capabilities of ithe detection e 
modifying the soil action levels using a correction factor that accounts for the 
and the resulting change in dose. The area factor is the magnitude by which 
within the small area of elevated activity can ex&d the 
complihce with the dose limit. 

The minimum detectable concentration (MDC) of the ,scan proc 
area of activity at the limit determined by the area factor& calculate 

Scan MDC (required) = (RSAL) x (area factor) . (3-5) 

The actual MDCs of scanning techniques are then determined for the available 
instrumentation for the radionuclides of concern. The actual MDC of the selected scanning 
technique is compared to the required scan MDC. If the actual scan MDC is less than the required 
scan MDC, no additional sampling points are necessary for assessing small areas of elevated 
activity. In other words, the scanning technique exhibits adequate sensitivity to detect smal l  areas 
of elevated activity. 

If the actual scan MDC is greater than the required scan MDC (e.g., the available scan 
sensitivity is not sufficient to detect small areas of elevated activity), then it is necessary to 
calculate the area factor that corresponds to the actual scan MDC. 

(3-6) 
scan MDC (actual) 

- Area factor= 
- - =-- --- - - - -  - -  - . .  - 3 -  

_ _  - - -  - _ _  - _  - . _ -  ~ 

- 

The size of the area of elevated activity (in square meters) that corresponds to this area factor 
is then obtained from the elevated measurements analysis conducted using the same pathway 
model used to determine the radionuclide soil action levels. The data needs for assessing the 
small areas of elevated activity can then be determined by dividing the area of elevated activity 
determined to be acceptable into the survey unit area. For example, if the area of elevated activity 
is 100 mz and the survey unit area is 2,000 m2, then the calculated number of survey locations is 
20. The calculated number of survey locations, nu, is then used to determine a revised spacing, 
L, of the systematic grid. If the number of sample points required to identlfy areas of elevated 
activity is greater than the number of sample points calculated for the statistical tests, then the 
spacing, L of the systematic grid, is given by 
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. (3-8) ,.&F - ' for ' .  a square grid 

' .  ~. 
: , .  , .  

. .  . . 1 .  . 

. .  . . . .  __: I _ , :  .. . . . . .  n ~ . ~  , . 
. .  

. .  ...;....... ; I ,  

, .. 
. .  . .  

Where A & .Of the s;i;lley .hit.. . 
, .  

.:. . .  

': ' If the . . . . . . . .  number of sampl.es 'determined for the elevated measurements 'is less than the number 
tests, . . .  then no 'modification of .the systematic grid is , 

. . .  

. . .  . .  
. .  . .  

ioactivity are'found in an isolated area, in addition to 
buted uniforp~y, &osi 'the Survey unit, the sum of ratios d e  'can be 
dose meets the action level. If the& is more than one of.these areas, a 
cluded in the calculation for. each .area of 'elevated activity. As &I 

of "ties rule, the dose due to the acd ' r e s idud  radioactivity distribution ,. 
. .  . , . . ,  . . . .  

... :.can be calculated ~ & g  the'same 'model used to determine the &tion levels. . 
.- . ' .  .wen the detection limit of the scanning technique is very large relative to the small area 

. .  .modified radionuclide soil action level, the number of measurements estimated to demonstrate 
.. cor@$ce using the st?.istical tests may become unreasonably large. In this situation, MARSSZM 
-'&o*ends a; &valuation . I  of the survey objectives and considerations. These considerations 

. askrn&Ons i d  parameter. values used to .determine the soil action level, radionuclide 
distributions, and the results of scoping and characterization surveys. In most cases, the result of 
this evaluation is not,expected tojusbfj an unreasonably large number of measurements. 

. . .  '..&y:.include ... the survey design and measurement methodology, exposure pathway modeling 

3.7 Surrogate Measurements 

With multiple radionuclides in the soil at Rocky Flats, it may be possible to use surrogate 
measurements. A surrogate radionuclide would be one that is easily measured and implies 
through correlation the concentration of the other radionuclides. This application has been 
investigated by Shierman (1994) and Hulse et al. (1999). Shiennan (1994) investigated the use of 
%lArn as a surrogate to determine 2 3 ~ .  The %'Am concentrations obtained during the study 
along the C transect of the 903 Pad were used to describe the uh concentrations, and the 
following relationship was found: 

='Pu (pCi g-I) = "'Am (pCi g-') x 0.189-' . (3-9) 

Shierman (1994) indicated that this relationship can be used to estimate the 23% 

concentration indirectly by counting the "'Am via gamma spectroscopy. This would provide a 
quick method to quantify without expensive and labor-intensive radiochemical techniques. 
However, Shierman indicates that this technique may not be useful in low-level environmental 
samples (less than 0.27 pCi g-') because of the difficulty in quantifying "'Am using gamma 
spectroscopy at such levels. In these cases, radiochemical techniques would be required. 

Hulse et al. (1999) presented a relationship between 241Am and u9*% using their data and 
data from splits of samples reported by Webb (1996) and Webb et al. (1994, 1997). The data 
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n 241Am and 239*% in soil from depths of 0-3 cm. A log- 

(3-10) 

ere soil concentrations exceeded decision levels. 
ese studies indicate the use of surrogates may be possible at the RFETS; however, it 

e ljenefit of using the surrogate approach is the reduced cost of not 
benefit must also consider the relative diffkulty in 

as the' potential consequences of 
g a conservative surrogate ratio. 

the Number of Required Samples 

les is dependent upon many factors, including the 
'sampling method that will be used to collect the data and the statistical analyses chosen to 
evaluate the data. 

3.8.1 Statistical Analyses 

Statistical analyses (or tests) are typically classified into two major categories: (1) parametric 
statistics and (2) nonparametric statistics. These categories of statistical analyses are described in 
the following sections. 

, ,3.8.1.1 Parametric Statistical Analyses. Parametric statistical analyses require information 
on the distribution of the contaminant (e.g., normal or lognormal distribution). Generally, the tests 
are based upon normally distributed contaminants, or the data may be transformed to approximate 
a normal distribution. Environmental data typically are not normally distributed and often are 
lognormally distributed. The lognormality of the data requires transformation of the data to 
approximate a normal distribution. . _ _  -= ~ __ - -  

Most of the common standard statistical me&ods&e based upon theassumption that'the = - - 
- - 

data are normally distributed. If it can be demonstrated that the data are normally distributed and 
there are a sufficient number of results to support a decision concerning the survey'unit, 
parametric tests will generally require fewer measurements to support a decision concerning the 
survey unit. However, tests that demonstrate the data are normally distributed generally require 
more measurements than nonparametric tests. EPA provides guidance on selecting and 
performing statistical tests to demonstrate that data are normally distributed (EPA 1996). 
Guidance is also available for performing parametric statistical tests (EPA 1989,1994~ 1996). 

Common parametric statistical tests include the Students t Test (EPA 1996), t Test applied to 
logarithms (EPA 1996). minimum variance unbiased estimator for lognormal mean (Gilbert 
1987), Mann-Whitney Test (Hollinder and Wolfe 1973), Kolmogorov-Smimov (Hollender and 
Wolfe 1973), and the 2-Sample Quantile Test (EPA 1994b). EPA (1989) provides a complete 
discussion of the use of parametric statistics for testing if a survey unit soil concentration is less 
than the action levels using the mean or percentiles for random, stratified, or systematic sampling. 
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3.8.12 Nonparametric Statistical Analyses. Nonparmtric, or distribution-free, statistical 
aniyses can be used when the underlying distribution is either unknown or nonnormal. The 
validity of nonparametric techniques does not depend on the data being drawn from any particular 
distribution. MARSSZM recommends the use of nonparametric statistical tests for evaluating 
environmental data. There are two reasons for this recommendation: (1) environmental data are 
usually not.no,dy,distributed and (2).thep3 are often a significant number of qualitative survey 
resulk (e.g,, less ,than MDC): Either one of these reasons means that parametric statistical tests 
may ;lot appiopriate. However, M A ~ S S I M  also recommends \the use of parametric statistical- 
tests when the underlying assumptions required for these tests can be verified. 

. m e  nonparametri? statistic+ tests used ip MARSSZM consist of the Wilcoxon ~ a n k  sum t e i  
aqd the S$n:6st.+ ' h e  Wilcoxon Rank Sum and Sign tests are designed to determine whether the 

&oactivity unifoqqly. distributed throughout the survey unit exceeds the soil 

t e n  of the median. When thejunderlying distribution is not symmetric, the mean is equal to the 
median. When, derlyingdistribution is not symmetric, these tests are still true tests of the 
median but only approximate tests of the mean. If the measurement distribution is skewed to the 
right, the average will generally, be greater than the. median. In severe cases, the average may 
exceed-, the .soil -action levels while the median does not. Therefore, MARSSIM recommends 
comparing the arithmetic mean of the survey unit data to the radionuclide soil action levels as a 
first step in interpretation of the data (NRC 1997). 

The Wilcoxon Rank Sum test is a two-sample test that compares the distribution of a set of 
measurements in a survey unit to that of a set of measurements in a background reference area. 
The test is performed by first adding the value of the radionuclide soil action level to each 
measurement in the reference area. The combined set of survey unit data and adjusted reference 
area data are listed, or ranked, in increasing numerical order. If the ranks of the adjusted reference 
site measurements are significantly higher than the ranks in the survey unit measurements, the 
survey unit demonstrates compliance with the action levels. 

The Sign test is a one-sample test that compares the distribution of a set of measurements in 
a survey unit to a fixed value, namely the radionuclide soil action level. The Sign test is used if 
the radionuclide contaminants of interest do not occur in background or the background levels are 
hown to be a small fraction of the radionuclide soil action levels (e.g., ~10%). If the background 
is not well defined at a site and the decision-maker is willing to accept the increased probability 
of incorrectly f a b g  to release a survey unit pype II error), the reference area measurements can 
be eliminatedand the one-sample Sign test performed. First, the value of each measurement in 
the sWey unit is subtracted from the radionuclide soil action level. The resulting distribution is 
tested to determine if the center of the distribution is greater than zero. If the adjusted distribution 
is significantly greater than zero, the survey unit demonstrates compliance with the action level. 

- The facility owner needs to decide whether to assess the residual radioactivity because of 
background concentrations or not to consider them. The determination not to include the 
assessment of background will likely be based on the facility owner's willingness to accept the 
risk of *unnecessary remedial action. However, if the background concentrations of the 
radionuclides present at the RFETS are only a small fraction of the soil action levels, there is no 
need to consider background. 

s. Because these , m e h d s r ~  based on ranks, -the results are generally expressed in 7 

i 

I 

L 

! 

I 
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E 
Additional nonparametric statistical tests are provided in EPAa(1989) and Gilbert (1987). 

arametric statistics depends on the statistical parameter that is being 
lide soil action levels , mean, median; percentiles, or proportions). 

- " /  

E ". 
study are determined based on the sampling 

d the statistical tests t o  be performed. The 
ailable for parametric analyses, if the distribution is 

alyses, if the distribution is not known or is nonnormal. The 
n for comparison to the soil action levels 

d to determine the 
ements include (a) .the expected variance of the 

lation of a null hypothesis, and (c) determination of 
ve rates. These common elements are discussed in the 

e Radionuclide Concentrations. The required number 
ility of the soil measurements within the survey unit. 
iation, Q, or the variance, d, of the underlying 

ately, the standard deviation is usually unknown 
and must be estimated for the purpose of determining the sample size. In practice, the estimate of 

ther obtained from past data or by conducting a small preliminary investigation. Gilbert 
provides methods for determining the number of samples for which an estimate of the 

e standard deviation (coefficient of variation) is available. 
f making decision errors can be controlled by 
testing. In this approach, the survey results are 

,select between one condition of the environment (the null hypothesis, €E,) and an 
ve condition (the alternkive hypothesis, H3. The null hypothesis is treated like a baseline 

condition that is assumed to be true in the absence of strong evidence to the contrary. Acceptance 
on whether the particular survey results are 

consistent with the hypothesis. When testing the mean, the recommended null hypothesis (E) is 

chosen, common_ elements 

that the residual radioactivity in the survey unit exceeds the action levels. 
I 3.8.23 False Positive and Negative Rates. A Type I decision error occurs when the null 
hypothesis is rejected when it is true; it is referred to as a false positive error. A false positive 
error would result in the release of a survey unit containing residual radioactivity above the action 
levels. The probability of making a Type I decision error, or the level of significance, is denoted 
by alpha (a). Alpha reflects the amount of evidence the decision-maker would l i e  to see before 
abandoning the null hypothesis; it is also referred to as the size of the test. 

A Type II decision error occurs when the null hypothesis is accepted when it is false; it is 
referred to as a false negative error. A false negative error would result in either unnecessary cost 
because of remediation of survey units that are below the release criterion or additional survey 
activities to demonstrate compliance. The probability of making a Type II decision error is 
denoted by beta (p). The term (1-p) is the probability of rejecting the null hypothesis when it is 
false; it is also referred to as the power of the test. 
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Recommendations on acceptable Type I and II errors cannot be provided. These error rates 
are developed during the DQO process and are adjusted according'to considerations of the cost of 
sampling versus the cost ofmnediation. The values of a and that are selected during the DQO 
process should reflect the risk involved in making a decision error. In setting the values for a, the 
following are important considerations (NRC 1997): 

: ;% i . 0 '  -.In radiation protektiori pfactice,'public'health iisk is model4 aslinear function of dose 
-.. ' .-'(BEIR. 1990). Therefok,-'a 10% change in 'dose--results in a '10% change in risk. 'This 

: y I-&tuation, is ;gUite,'different - h m  one in whk& there is 'a  thksho1d:In the latter case, the 
+' :,*.riSk.$sociated 'kith' a decision 'error be quite' high, and low .values of tx should be' 
' . .+ ' select&; When:the'nsk.is'linear, much highervalues of a at-the action'.levels might be 

_, considered adequately, protective. when the survey desi6 ksults'.in smaller decision error 
rates at :doses..gi&er . .  than:the.adion'levels. 1 Salse 'psitives 'will 'bnd to be balanced by 

resulting in appro&atelyr~ud h& health risks: ' 

. .  

. .  

. . <  

. .  
I . , . . . ,. . . 

. : , , s  . I .  
1; .' 3 _ : , . . .  . , . . . . . I , . , 

. .  
. , . I -~ :. ". 

hot'& of.&&. me dose cannot'be me&& 
. .. . .  

.' . ' ' -  directly, and many .assumptions are made in converting dose to action levels. This' is an 
I.... . !. 'additional considemtion for dg' the & ct~thii"&ild . .  support the use of'larger 

at values above the action. levels would be prospectively 

. .  . .  . ;:. 
I .:values' : h . ' ~ome  - s i ~ o ' ~ ~  . this case, 'the ~ ma&tude, . ,  significance, and potential 

. .. - .,'conseciuences of &cision . .. 

... ' .. .. addrksiec~ d~ pari of the bQ0;firocess: ' . . . ' 

' . 0 The risk of making 'the . -  sixond type of decision error, p, is the risk of requiring additional 
; .. . &mediation when a.survey$& already meets the releaSe criterion. Unlike the health risk, 

.the cost associated withthis 'type of error may be highly nonlinear. There may be a 
. ,threshold below which'the remediation cost rises rapidly. This is primarily a concern for 

' . ' 'survey units that ..are .hear the action levels. -For survey units that are very lightly 
. .:., .. contaminated, or have been tho'hughly remediated so'that any residual contamination is 

. . .  ,expected-to:be faribelow the 'soil action leveis, 'larger values of p may be appropriate, 

... . - .*. . . ' . .  
,. ,.L . . . ... . .  

.r. .. . .  . .! : . 

. ' j .!especially if final status' Sliivey sampling costsiue a concern.' 

. ..A. .: 3.9 Independent ,Confirmatory Investigations 
. .  

. .  
. .  . .  

. .  
. .* :.. . , 4 - 

. .  . .  

\.. . 
I .  1 . .  . < '  

' . ;.i .RACrecornmends-thatthe0 .Panel request DOE.& implement i confirmatory survey 
-(also.known '& an independent verification survey) for the radionuclide soil action level project. 

. . The independent verification sUn;ey.:may be performe&by an independent third party, contracted 
by. the- DOE, .to provide .data to substantiate results. of .the-final..status survey. The independent 
verification survey ,would .be -limited hi.scope to: spot-checking conditions at selected locations, 
comparing. findings with .those .of the final status survey, and performing independent statistical 
.evduations.of the data .developed from'the confirmatory surveymd fhal status survey. : 

. .  . . .  . .  . -  .. * .  
. .  

.. - .  . . . , .  . , .  * .  . . .  !: 3.10 Soil Sampling.Quality Assurance 
- . .  . .  

:' . m e  goal.of QNQC is to identrfy and implement sampling and analytical'methodologies that 
. will limit the introduction of error into analytical,data. The required QNQC program elements 

. 
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plans, sampling and analysis ,plans, and field sampling plans. 

soil sampling programs 
.. St-ltement of the study objectives 
. Evaluation of the impact of mistakes 
. Delinition of the DQO 

- I  

ampling is beyond the scope of this report. Typically, 
developing a soil sampling program and associated QNQC requirements is an iterative process 

repo$ RAC;oumes the available QNQC guidance for soil sampling programs and 
suggested elements for consideration by the Oversight Panel. Elements of a QNQC program for 
soil sampling include DQOs, documentation, chain-of-custody, laboratory requirements, data 
validation, and the assessment of DQIs. 

Oversight Panel and RFETS will need to discuss during the DQO process. 

ves A d  Data Quality Indicators 
- .- ~- 
- I  

- 

(or DQ0s)of the Soil sampling program - = - -- 
rs from the point of sample collection to the fmal 

quantitative statements developed by data users to 
from a particular data collection activity (EPA 1987). 

ision, accura,cy, representativeness, completeness, and 
considered by the MARSSIM methodology manual (NRC 1997). 

Another, data characteristic, level of detection, should also be addressed because it is closely 
related to' the other elements. Using DQIs in the QA sampling program allows researchers to 
determine if the data are of necessary quality to make a particular decision. 

DQIs are not all  quantitative (numerical) measurements; some DQIs are subject to 
qualitative (relative) analysis. Of the six principal DQIs, precision and bias are quantitative 
measures, representativeness and comparability are qualitative, completeness is a combination of 
both qualitative and quantitative measures, and accuracy is a combination of precision and bias. 
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. The number of required QC measurements is determined by the available resources and the 
degree to which assurance is needed that a measurement process is adquately contr0lled:The 
number of QC measurements may also be driven upward as the action level appro.&hes an 
instrument's detection limit. 

A widely used standard practice is to collect a set percentage, such as 5% @PA 1987), of the 
samples for QA purposes. However, this method has disadvantages. Depending on the number of 
samples to be collected, small numbers will result in insufficient QC'samples, whereas large 
sample numbers may require too many QC samples and,waste resources. A performance-based 
alternative is also available @PA 1990). 

The precision of an estimate of the "true" variance for.precision and bias within a survey 
design depends on the number of QC measurements' performed to provide sthe estimate. 
MARSSIIM provides one-sided upper confidence limits for selected numbers of QC measurements 
assuming the results of the measurements are normally distributed (see Table 3-2). At the stated 
level of confidence, the true variance of the estimate of precision or bias for a specified number of 
QC measurements will be between zero and the multiple of the estimated variance listed in the 
table. For example, for five field replicate samples, you would be 90% confident that the true 
variance for precision falls between zero and 3.10 times the estimated variance based.on the 
results of the five samples. 

Table 3-2. For example, if the survey objective is to estimate the variance in the bias for a specifk 
measurement system between zero and 2 times the estimated variance at the 95% confidence 
level, 15 measurements of a material with known concentration (e.g., performance evaluation 
samples) would be indicated. 

MARSSZM recommends that the survey objective be set so that the true variance falls 
between zero and 2 times the estimated variance. The level of confidence is then determined on a 
survey unit-specific basis to adjust the number of each type of QC 'measurements to the 

- <  < < 

I 

When planning surveys, the number of each type of QC measurement can be 

appropriate level. _. 
The DQIs are described in the following sections. 
3.10.1.1 Precision. Precision is a quantitative measure of agreement among replicate 

measurements of the same property under prescribed similar condCtions (ASQC 1995). Several 
types of replicate analyses are available to determine the level of precision. These replicates are 
typically distinguished by the point in the *le collection and analysis process where the 
sample is divided. The types of QA bmples'ihat may be used for deterhing precision include 

7 ,  

Collocated Samples. Collocated Samples are collected'adjacent to the routine field 
sample to determine local varie ' b e  radionuclide concentration. Analytical 
results from collocated samples c ed to k m s s  site 'variation but only in the 
immediate sampling area. They are not recommended for assessing error (EPA 1991). 

_ _  ~ . 

- .I ..{ 

. . ..I i i 

I 
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Table 3-2. Upper Confidence Limits for the True Variance as a.Function of the Number of . 

from one location, homogenized, 

remaining handling and arialytical process. These samples are'used to assess error 
associated with sample heterogeneity, sample methodology, and analytical procedures. 
Field replicates are used when determining total error for critical samples with 
contamination concentrations near the action level. For statistical analysis to be valid in 
such a case, a minimum of eight replicate samples would be required @PA 1991). 

\ . -' 

0 Analytical Laboratory Replicate: An andytical laboratory replicate is a subsample of a 
routine sarhple that is homogenized, divided into sep ontainers, and analyzed 
using the same analytical meth od precision; however, 
because it is a nonblind sampl alyst), it can only be used by the 

- - - _ _  - - -  
st as- an internal control tool and= not as an unbiased estimate- of -analytic$ - _ _  

precision (EPA 1990). 

0 Laboratory Instrument Replicate. A laboratory instrument replicate is a repeated 
measurement of a sample that has been prepared for counting (Le., laboratory sample 
preparation and radiochemical een completed). It is used to 
determine precision f i r  the ins urements using same instrument) 
and the instrument calibrati nts using different instruments, 
such as two different gerinanium detectors with multichannel analyzers). A laboratory 
instrument replicate is geneially performed as part of the laboratory QC program and is 
a nonblind sample. It is typically used as an internal control tool and not as an unbiased 
estimate of the analytical precision. 

When collocated measurements are performed, an estimate of total precision is obtained. 
When collocated samples are'not available for laboratory analysis, a sample subdivided in the , 
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i 

I 
a; field and preserved separately can be used to assess the variability' of sample handhg, 

preservation, and storage along with the variability in the analytical process, but variability @ 
sample acquisition is not included. When only variability in the analytical process 'is desired, a 

3.10.1.2 Bias. Bias is the systematic or persistent distortion of a measurement process that 
causes eqon in one d&on (ASQC 1995). Bias is determined quantitatively based on the 

sample can .be subdivided in the laboratory before analysis. . I  

analysis of samples with a known concentration. There are several types of samples with known 
concentrations: i 

0 Reference Material. Reference material is a material or substance, one or more of whose 
property values are sufficiently homogeneous and well established to be used for the 
calibration of an apparatus, the assessment of a measurement method, or for assigning 
v&~es to materials (IS0 1993). A ce&ed reference material contains certified values 
b a t  are accompanied by an uncertainty at a stated level of confidence. When appropriate 

- concentration range), they axe recommended for use in determining the overall bias for a 

i 

i 
I 

-reference materials are available (i.e., 'proper matrix, proper radionuclide, and proper - \  

I 
I 

measurement system. 

Performance Evaluation Samples. Performance evalu 
bias of an analytical laboratory and detect any error in 
samples are usually prepared by a third party, using a q 
known to the preparer but unknown to the laboratory 
analysis. Laboratory procedural error is evaluated by 
identified in the performance evaluation sample (EPA 1991). 

Matrix Spike Samples. Matrix spike samples are environmental samples that are spiked 
in the laboratory with a known concentration of a target radionuclide to verify percent 
recoveries. They are primarily used to check sample matrix inte 
also be used to monitor laboratory performance. However, a data set of-at least three or 
more results is necessary to distinguish between laboratory perfonnan&&d I <  .j matrix 
interference (EPA 1991). 

< . !: . '. 
. . . .  . .., , .  

Several types of, QA/QC samples are also used to detect .bias caused by.contamination, which 
include . .  

.. . . ..:.'..;., ;_ , . _ .  , _  , . . . : . . .  . . .  . .  . .  
. .  

a Field Blanks, Fjeld b l w .  are S h p l e s ,  prei 
soil A d  then .submitted to 'the laboratory for Maly 

. .to-.evaluate coipknation errqr issociated with 

. prdcedures. It $so provides infor&tion .about. c 
during sample collection, storage, a n d . F p o r t  

" .. 
. .  . . .  . ,  . .  

. . .- . .  . 

.'e . Method Blanks. A method blank is an analytical control .sample us& to demonstrate that 
reported analytical results =.not the result of laboratory con&ation (ATSDR 1992). 
It contains distilled or deionized water and reagents and is carried through the entire 
analytical . .  process (laboratory sample .preparation, digestion, . .  . .  and .&lysis). The method 
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blank is also referred to as a reagent blank. The method bl 
internal control tool by the laboratory because it is a nonblind sample (NRC, 

,3.10.13 Accuracy. Accuracy is a measure of the closeness 
or the average of a number of measurements to the true value (EPA 1997). A 
combination of random error (precision) and systematic error (bias) compo 
performing measurements. 

I Accuracy is determined by analyzing a reference 
reanalyzing material to >which a known concentration 
accurate, data must.be both precise-and unbiased. A 
accurate, the shots at the-target must land close togeth 

. .  . .  

I I 

+ low precision = low accuracy low bias + low precision = low accuracy 

a a  @- 
_ .  . .  
. .: : . 

--L 1 t .> 

._ . 

. .  

~. 
, ..- - .--I 

hi@ bias + high precision = low accuracy . low bias + high precision = high accuracy I 
Figure 3-3. Measurement bias and random measurement uncertainty- (NRC 1997). 

Accuracy is usually expressed either as a percent recovery or as a percent bias. 
Determination of accuracy always includes the effects of variability (precision); therefore, 
accuracy is a combination of bias and precision. 

3.10.1.4 Representativeness. Representativeness is a measure of the degree to which data 
accurately and precisely represent a characteristic of a population parameter at a sampling point 
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(ASQC 1995). Representativeness is a qualitative term that should be evaluated to determine 
whether physical samples were collected in a manner that the resulting data appropriately reflect 
the media and contamination measured. 

When soil sampling is required as part of a survey design, it is critical that the sample 
collection procedures consider representativeness. Sample collection procedures also need to 
consider the modeling basis for the radionuclide soil action levels when determining 'the 

Representativeness is primarily. a planning concern. The solution to enhancing 
representativeness is in the design of the sampling.plan. Analytical data quality also affects. 
representativeness because data of low quality may be rejected for use in the analysis. 

3.10.1.5 Comparability. Comparability is a qualitative term that expksses the confidence 
that two data sets can 'contribute . to a 'common analysis 1' and interpolation. Generally, 
comparability is provided by using the same measurement system for all analyses of a specific 
radionuclide. Comparability is usually not an issue except in cases where historical data have 
been collected and are being compared to current analysis results or when multiple laboratories 
are used to provide results as part of a single sampling design (NRC 1997). . 

The comparability objective provides the needed control over the total measurement process 
to ensure that different studies can be compared. Comparability provides a basis for comparing 
trends over time or space, evaluating the relationship between sampling programs, or ensuring 
that phased sampling efforts produce data of a consistent quality. 

When sampling is to occur over an extended period of time or when theinvestigator desires 
to compare several sites, it is necessary to ensure that the samples be collected in a comparable 
manner, from comparable fraction of the soil mass, and with comparable methods. For example, 
samples collected by coring should not be compared with bucket auger samples. 

3.10.1.6 Completeness. Completeness is a measure of the amount of valid data obtained 
from the measurement system, expressed as a percentage of the number of valid measurements to 
total number of measurements collected. 

representativeness of the samples. . , I  

1 - .  . . *. 

Completeness for measurements is calculated by the following formula (NRC 1997): . 

(3-1 1) 
(number of vaIid measurements) x 100 
total number of measurements planned 

% completeness = 

Samples collected on a grid to locate areas of elevated activity are also a concern for 
completeness. If one sample analysis is not valid, the entire sample design for-locating areas of 
elevated activity may be invalidated. If a sufficient amount of sample was originally collect&, the 
analysis can be repeated using archived sample material. 

Completeness is not intended to be a measure of representativeness; that 6, it does not 
describe how closely the measured results reflect the actual concentration or distribution of the 
contaminant in the media being measured. A project could produce 100% data completeness, but 
the results may not be representative of the actual contaminant concentration. Alternatively, there 
could be only 70% data completeness (30% lost or found invalid), but because of the nature of the 
sample design, the results could still be representative of the target population and yield valid 
results. 

For most final status surveys, the issue of completeness only arises when the survey unit 
demonstrates compliance with the release criterion and less than 100% of the measurements are 
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determined to be acceptable. The question then becomes whether the number of measurements is 
sufticient to support the decision to release the survey unit. 

An alternative method to ensure completeness is to take samples in addition to those 
determined appropriate for the sample design. The planning stages of any study must take into 
consideration the fact that not all samples will make it intact through the entire measurement 
process. For example, samp 
will be lost, and sample tags will be lo&. 
invalidated. Thes 

This latter approach ensure 

samples will impact the f i a l  results. The ‘DOE has set a completeness objective for 

1987). 
3.10.1.7 Detection Limits. The selection of analytical methods based on detection limits is 

an important process. The detection limit of the method directly affects the usability of the data 
because results near the detection limit have increased measurement uncertainty. . 

3.10.2 Data Validation 
1 

Validation of the analytical data is the process by which the quality of the data is assessed 
by using the specified DQIs and QMQC sample results. Analytical data validation’; including 
field and laboratory data review, is defined as the systematic process, performed external from the 
data generator, that applies a defined set of performance-based criteria to a body 
result in qualification of the data. Data validation provides a level of ass 

uncertainty associated with the- meas . Data GdidatiG-mGt -&&f 
conclusion from the data. 

Analytical data validation for radiochemistry includes a 
data package covering the evaluation of DQI samples, the iden 
and the effect of deficiencies in QC on analytical s h p l e  data, 

organic and inorganic constituents, no national standard currently covers data v&dation of 
radiochemistry concepts adequately. The need for a document of this type has been recognized by 
most of the DOE complex. There is reference in MARSSIM (NRC 1997) to @e development of 
such guidance, the Multi-Agency Radiation Laboratory Analytical Protocols (MARLAP) Manual; 
however, currently, no such document exists. Because of the lack of specific guidance, currently 
each DOE site has developed site-specific data validation procedures for radiochemistry data. 

- - - _ _  ~ technical evaluation,_that _an walylte is nt or absent; if pres 
L - -  

Although EPA has developed numerous guidance documents 
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During data validation, the reviewer examines the data, documentation, and reports'to 
determine if the sampling program was conducted within the limits specified by the DQO 
process. 

3.10.3 Documentation 

Three types of documentation are available for review during the da& validation process: 
(1) field operation records, (2) laboratory records, and (3) data handling records (EPA 1997). 

3.103.1 Field Operation Records. The information contained in these records documents 
the field operations and consists of the following: 

* .  
. -  

r .  

0 Field Measurepint Records. Field measurement records 'provide documentation that, the' 
,proper. measurement-. protocol .was performed, .during 'the '''sinipling 'project. 'l%is" 
documentation includes the names of the persons conducting the samplipg, s e p l e  ' 

' location and identification, .maps and diagrams, -.equipment. and . SOP,'.uSd. 'a&g 
sampling, and unusual bbservations. Bound field notebooks are generally.used.to;rqord' 

.. . .. . 

.,e,- . , I  . .  . .  

.. , .  . , .. 
' raw data; however, 'data recording forms may also be used for this docunkntation. . .  

"'.. 
.,. . . . ..i- . .  . . :. . . .  .., - . I .. . . .  . 

0 Sample Tracking Records. Sample tracking records, also kferred to as chain-of-custody 
records, document the progression of samples as they travel from the original sampling 
location to the laboratory and finally to disposal. 

General Field Procedures. General field procedures, also referred to as SOPs, record the 
procedures used in the field for collecting soil samples. 

3.10.3.2 Laboratory Records. The following list describes some of the laboratory-specific 
records that should be reviewed if available and appropriate: 

Laboratory Measurement Results and Sample Data. Laboratory measurement results and 
sample data contain information on the sample analysis used to verify the analytical 
methods that were followed. The overall number of samples, sample identification, 
sample measurement results, any deviations from the SOPs, time of day, and date should 
be included. Sample location information may also be provided. 

Sample Management Records. Sample management records should document sample 
receipt, handling and storage, and scheduling of analyses. The records will verify that 
sample tracking requirements were maintained; reflect any anomolies in the samples, 
such as receipt of damaged samples; and note proper log-in of samples into the 
laboratory. 

QC Measurement Records. QC measurement records include general QC records, such as 
initial demonstration of capability, instrument calibration, routine monitoring of 
analytical performance, and calibration verification. Project-specific information from the 
QC checks, such as blanks, spikes, calibration check samples, replicates, and splits, 
should be included in these reports to facilitate data quality analysis. 

DRAFT 

. -. 

i 
.. I' 

i: 

,:' ! 

i 

1 



Task 6: Sampling Protocols 35 
Draft Report 

3.10.33 Data Handling Records. Data handling records document protocols used in data 
reduction, verification, and validation. Data reductio 
such as converting raw data into reportable quantiti 
calculating measurement uncertainties. The reco 
corrections. 

3.10.4 Data Validation Qualifiers 

Data validation begins wi 
performed by a professional 
objectives, the level and depth of review varies. 
determined during the planning process and should 
method performance for the measurements and radi 

0 Evaluation of data completeness 
0 Verification of instrument calibration 
0 

0 

0 

Measurement of precision using replicates 
Measurement of bias using reference material or spikes 
Examination of blanks for contamination 

0 Assessment of adherence to method specifications and QC limits . .  
0 Evaluation of method performance in sample matrix -, 

0 

0 

Applicability and validation of analytical procedures or site-specific measurements 
Assessment of external QC measurement results and QA assessments. 

Following the data validation process, data are assigned validation qualifiers. The data 
validator conducting the data review assigns coded qualifiers to the data when QC requirements 
or other evaluation criteria are not met. An explanation of the data qualifiers should be included 
in the data validation report, along with a summary of the quality of the data package. 

I 

I 

I 
I 
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RESPONSES TO REVIEWER COMMENTS ON RSAL REPORT 
FOR TASK 6: SAMPLING PROTOCOLS 

This document repeats the reviewer’s comment and then follows it with an indented 
response. In some cases, the comments do not question the Task 6 report but make a general 
statement that does not require a response. The Peer Review Team and RSALOP (or Panel) 
comments are addressed in the following discussion. 

a 

0 

, i RESPONSES TO PEER REVIEW TEAM COMMENTS I 

Reviewer A 

ReviewSummary 

The content of the above named report came as a surprise to me. I assumed based on the title that 
the objective of the report was to develop a sampling protocol or multiple protocols (because of 
the plurality in the title). Finding that was not the case was a disappointment. Possibly this 
situation was a result of RSALOPor RFCAB not properly briefing the referees as to the purpose 
of this particular task. To be more informative about the contents of the report, I recommend 
RAC retitle this report: “Considerations for Developing a Soil Sampling Protocol for RFETS.” 

I ?  

RAC will consider changing the title for the Task 6 report. During recent discussions with 
the Panel, it was agreed that the protocol would be directed toward the final status survey. 
The report will include a discussion on sampling in support of remedial action; however, 
a sampling protocol for remedial action support will not be developed. The report will 

e protocol is directed toward the final status survey. 

d that a. protocol was not developed and p 
expected -a- description- of--cutting-edge scientific considerations. 
textbook rhetoric and a summary of DOE and EPA methods. If‘s 
the product expected by RSALOP, then RAC cannot be faulted for providing it. However, the 
membership of RSALOP includes engineers, full professors and several members with many 
years of engineering and environmental science experience. Thus, I cannot help but wonder if a 
review at a depth no greater than that contained in documents already available to RSAL 
really useful to that committee. 

1 = - 

r .  

RAC believes that the information presented in th’e Task 6 repoA eluding ‘‘textbook 
rhetoric and a summary of DOE and EPA methods” is essential’ to provide an 
understanding of the1 underlying concepts of soil sampling. Although some Panel 
members have experience in various aspects of sampling, not every panel member is 
familiar with these concepts. We believe that some elementary discussion an 
presentation of current regulatory guidance is beneficial to the Panel. As far as “cuttin 
edge scientific considerations,” recent discussions with the Panel have resulted in areai’of 
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the sampling protocol that will be investigated in more detail. Important aspects of the 
sampling protocol, which the Panel has elected to investigate, include radiation detection 
instrumentation for use at the RFETS and further investigation into hot-spot detection and 
methods to compare hot-spot activities against the action levels. 

Here I would like to note that none of the really difficult issues of developing a soil sampling 
protocol'for RFETS were addressed or even mentioned in the RAC report. These issues include, 
but may not be limited to, the following: 

(1) Detection of hot particles and small areas of 'contamination (those on the order of a few square 
meters or less or a few kilograms or less), 

RAC and the Panel agreed during the last monthly meeting (June 1999) that the sampling 
protocol will not address the problem of hot particles. We agree that this is an important 
current area of research for plutonium contamination. The Panel has elected to research 
the hot-spot detection methods in further detail at a workshop. 

(2) Spatial correlations among measurements which effects the sample size estimates to reach any 
level of statistical confidence sought, 

I 

Spatial correlations among measurements is a very important concept. This comment was 
also provided by Panel member Victor Holm. The sampling protocol will be directed 

, toward the final status survey. After remediation of a contaminated area, the spatial 
correlations will probably not exist, thus, removing this consideration from use in the 
sampling protocol. However, it may apply to areas that have not been remediated 
(characterization data indicated the area was below the action levels) and for which a 
final status survey will be conducted. Ideally, the characterization survey and sampling is 
conducted to a level of quality that> the data can also be used for the final comparison to 
the action levels. This is an area that the Panel may wish to further investigate to account 

.'' fotfinal status surveys of unremedidted areas. 
< *  

1 .  

ence between the surrogate measurement technique (in situ measurement 
of the gamrqa-ray from 24'Am) which views a relatively large sample mass (probably several 
thousand kg) and small areas (or volumes) of high contamination 

. 
, 

Radiation detection instrumentation and the detection of small areas of contamination is 
an area the Panel has decided to investigate in more detail. A workshop will be held to 
learn more about methods available for detecting plutonium in soil., . 

/ 

distinction between uncertainty and variability in measurements, averages, predicted 
values by surrogates, etc. 

. .  . .  

. .  
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We will review the report and incorporate the suggested changes in the use of such terms 
as uncertainty and variability, averages, and predicted values by surrogates. , 

(5) Methods, sample size, etc., for detecting excess uranium contamination in the presence of 
natural uranium. 

The milestone release date of the Task 6 report was scheduled before the calculation of 
the action levels for each radionuclide. This has limited the consideration of several 
important details of the sampling protocol. Because the action levels for the uranium 
isotopes are not known, it is difficult to determine if the contribution from natural 
uranium will be important (i.e., if the natural levels are significantly less than the action 
levels, differentiation may not be required). There are methods using ratios of the 
uranium isotopes to determine if the uranium is naturally occumng or contamination. The 
final date for the Task 6 report has been delayed until after the action levels are calculated 
to allow investigation into these types of topics. 

ri. 

Another omission that I think should be corrected is that the report should provide a definition of 
a “sampling protocol.” The closest to this I found was the list of 10 elements on p. iii. It would be 
equally useful to include a short discussion of the how a “sampling protocol” fits into the overall 
goals of the remediation activities ongoing at RFETS. 

The report will be revised to incorporate a definition of “sampling protocol” and a 
discussion will be added to describe how a “sampling protocol” fits into the overall goals 
of the final status survey. However, as noted in previous comment responses, a “sampling 
protocol” will not be developed for remediation activities. Remediation activities would 
require the development of several protocols based on the particular processes that 
resulted in the contamination event. For instance, spills would require different 
considerations than windblown contamination, which also would also be different from 

- - - - 
- - -  - - - _ -  ~ - - _ _ _  _. - .  _ - -  - -  - _  _ _  ~ 

-~ 
_- -~ _ - -  leaking - -  tanks. 

found in the following section. 

Detailed Comments 
e .  

p. iii and p. i The report states “The report provides recommendations to the RSALOP for 
consideration in developing a sampling protocol for the RFETS in support of the effort to conduct 
an independent assessment and calculate radionuclide soil action levels for Rocky Flats.” 

I ,  would normally expect that a sampling protocol would be used- to determine’ an average 
Contamination, spatial patterns or trends, compliance with remediation standards, or other such ’ 
specifics..Is this not the case? The sentence above implies the protocol is limited in use for 
independent assessment and to calculate radionuclide soil action levels. If so, then the referees 
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‘ .  I 

again without the proper information as to the purpose of the programs. However, if the statement 
is wrong, as it appears to me, then the sentence should be significantly revised. 

RAC will revise the statement to better clarify the purpose of the sampling protocol in the 
Task 6 report. 

The opening sentence on p. iii implies that RSALOP will develop the sampling protocol, but on 
p. 12, it states ‘Therefore, including an Oversight Panel member representative on the RFETS 
planning team is an important consideration to ensure an understanding of the final sampling 
protocol.” The latter statement implies that an RFETS planning team - which may or may not 
include a RSALOP member - wili be developing the protocol. The sentence on p. iii and p. 12 do 
not agree as to who has the responsibility of developing the protocol. This should be better 
explained. 

RAC will incorporate this recommendation into the report. 

p. 1 The terms “sampling units” and “survey unit sizes” are used in the 4” bullet without 
definition. [I later found a definition for “survey unit” on p. 14. It should be presented earlier if 
the term is used there.] 

RAC will incorporate this recommendation into the report. 

p. 1, 5” bullet states: “The variance in contamination measurements must be estimated before the 
number of samples can be determined ...” It should state “...before the number of samples 
[required for xxxx or to reach zz precision of the me?, etc.] can be determined.. .”. 

RAC will incorporate this recommendation into the report. 

- 
This bullet also mentions estimating the variance by “professional judgement.” I have seen such 
statements in the literature, but I wonder if RAC is really advocating that. If not, it should 
stated with much more care. 

RAC will modify this statement in the report. 
,. 

. .  

ion detection equipment can be used to scan [my italics] the entire 
survey area...”. The authors have not defined what they mean by “scan” and their lack of 
precision in defining that concept indicates to me a lack of understanding of the technique. Does 
this meansa moving detector, e.g. vehicle mounted or an aeria! survey (e.g. using aircraft) or does 
this mean using in situ spectrometry to monitor the entire “survey unit”. In situ spectrometry is 
normally a static procedure, so I don’t understand the word scan. If the potentially contaminated . 
area has an area that is a large fraction of, or multiples of, areas equal to one or more square kms, 

\ 

I 

“17 3 I 
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then I don’t believe it is feasible to survey (or scan in the words of the authors) the entire area by 
in situ methods. Large areas would require vehicle or aircraft mounted detectors. I remain suspect 
of the authors understanding of these measurement techniques. Certainly the text requires 
clarification if it is to be useful and not misleading to a lay audience. 

’ 

RAC will define the word “scan” in the report. The word “scan” in terms of radiation 
field survey techniques for the detection of radionuclides in soil involves moving a 
detector across the soil surface. The FIDLER, a large area (12.5 cm. diameter by 0.16 cm. 
thick) NaI(T1) scintillation crystal, detects the 17 keV and 60 keV X and y rays from 
plutonium and 241Am in the soil. The instrument and detector are portable and can be 
used to “scan” the soil surface. As far as in situ techniques, researchers -at the U.S. 
Department of Energy’s Environmental Measurements Laboratory are currently working 
on the problem of the identification of hot-spots using in situ (static) gamma-ray 
spectrometry techniques in support of the MARSSIM methodology. However, at the 
present time, modeling results for the action levels for each radionuclide are not 
available, thus, preventing a recommendation on instrumentation based on the detection 
capabilities of different instruments versus the action levels. The Panel has decided to 
delay the release of the final Task 6 report until after the action levels are calculated. In 
addition, the Panel is currently preparing a workshop in which experts in radiation 
detection methods for field applications will discuss potential methods for use at Rocky 
Flats. 

This section also states “Therefore, a correlation between the plutonium contamination and the 
americium contamination must be established to ensure that areas of elevated americium 
contamination detected also provide coverage for other radionuclides.” I cannot understand this. 
A quantitative relationship (not a correlation) is used to predict a radionuclide 
Pu) which is difficult to measure from a surrogate radionuclide which is easier (0 
to measure (e.g., Am). How does establishing that relationship ensure proper co 
radionuclides that likely have different chemical properties and different degrees of migratio 

- - - - _ _  - .. - -  - I. 
- -  

! ”- will modify tatement and cl‘bify-that Plie surf0 
involves using americium as a surrogate to the estimation of plutonium contamination. 

p. 7. 1’‘ paragraph numbered item 2). It should read ‘‘deposited inventories.:.” 
, “  

, This editorial comment will be incorporated into the report. 
1 

On p.10, I found what I assume is the part of the “bottom line” of this report, that 
approves of the RFETS soil sampling programs: “Overall, the RFETS sampling program meets 
the industry standard and ensure the collection of quality data.” I note this here because when I 
reached the end of p. 35 and then suddenly found the REFERENCE LIST, I felt there‘ to be an 
absence of any concluding remarks. The sentence I refer to seems to be of an importance t 
warrant inclusion in a closing section. I found no other such definitive statements in the report 

Risk Assessment Corporation 
“Setting the standard in environmentd heam” 



but possibly there were some. If there are other such definitive findings, the report would do well 
to highlight them some way or include them in a “Concluding Remarks” section. 

RAC will provide a conclusion section in the report with all “definitive” statements and 
recommendations. RAC will also clarify the statement that “Overall, the RFETS sampling 
program meets the industry standards and ensures the collection of quality data.” This 
statement referred to the overall documented program in terms of quality assurance 
programs, DQO methodology, procedure development and documentation; and reporting. 
As stated in the Task 6 draft report, RAC does not advance the soil field sampling 
methods used at Rocky Flats, such as the CDH sampling methods or the Rocky Flats 
sampling method for comparison to the action levels. In addition, we have pointed out in 
the report that composite sampling, currently being conducted at Rocky Fiats, is not 
acceptable for comparison to the action levels. 

p. 10, The use of an excessively long string of modifiers, e.g. “specific radionuclide soil action 
level sampling protocol” makes interpretation laborious. I suggest improving the- presentation 

. style here (and elsewhere), e.g., “a sampling protocol to determine the soil action levels for 
specific radionuclides.” 

We will revise the report to incorporate the above suggestion. 

p. 12, The report states “...radionuclide concentrations in soil are not deterministic, rather they 9 
are uncertain.. .”. This is stated very imprecisely. In. actuality, radionuc1ide.concentrations (which,’ 
are always an average over whatever volume of. sample is measured) can. be; deterhiinla . ’ 

extremely accurately. If the authors means that concent 
(which indeed are less accurate), .concentrations. deteGned. by su 
average, concentration, value, .are uncertain, then they should say so. 

: .  RAC will revise this statement to clarify that the soil sa 
of the population. distribution for each radionuclide:. 
in the stochastic assessment of the sum-of-ratio calc 

. . 

. 

. . .  . .  . , .  
’ 1.: , 

- .  . .  .. . . .. , . .  

. .  

This section goes on to say the “[uncertain]~~coricentrations 
distribution.” I don’t believe individual measurements of 
above). Do you mean the distribution can represent the- PO 

. you mean the uncertainty distribution of the mean? Lest t 
me assure you that differentiating the concepts of variabili 
of-the-art. assessment techniques’ cind. such. a -  level of.-rigor is.-absent 
document :., . . . . .  . 

’ 

. .. . .  . . . . .  
.. . .  .. . , 

I .  . . .. 
. .  - . .  .<’, I .  ’ . . . . . . . . .  . .  

..’ -. . See above coniment response. . . . < :. i . . . :.’ 
. .  . .. , I . , ,.- . . .  . .  . . .  . 

. .  . .  

. I  - ,  % 

. . .  

. ;, ; - ./ . . . .  , .... 
. .  

. ’ . <  . .  . .  . .  . . .  . .  

. .  . .  . .  
--: I .  ’ 

. .  . -  
. .  . .  . .  . .  . .  ~ . ,  , 

. . . .  
.. . . . 

. . .  
I . 

. .  , , -  . .  . 

. .  
. .  

. .  
. .  . 
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p. 13, The last sentence states “. . .will not need the same level of investigation to achieve the soil 
action levels.” I don’t see that a soil action level is something that can be “achieved” by an 
investigation; an SAL is a limiting value of contamination. Consequently, the meaning of this 
sentence escapes me entirely. 

RAC will revise the statement. 

. p. 17, Equation 3-2, as written, subtracts a unitless quantity (in parentheses) from the plutonium 
concentration over the 0-3 cm depth range. It seems to be written improperly. 

To reduce confusion, we will put additional parentheses in the equation to further outline 
the mathematical operational progression. In addition, the sign for multiplication in the 
equation will be changed from a ( 0 )  to a (x). 

p. 17, The first sentence of the last paragraph should state: “The reauired sampling depth is also 
dependent on.. .”. 

RAC will incorporate this into the report. 

p. 18, The 4* paragraph refers to “The recommended profile stages are 0-3 cm intervals, as 
conducted by Colorado.. .” Does this mean the profile increments (a more conv 
stages) are recommended by RAC or by Colorado State Unive 

‘’ . 

. ?. . 

The paragraph .will be revised to state that RAC is recommending the 
“increments” that are currently used by CSU i 
Flats for use in soil sampling for comparison to the action 

~ _ _  - ~ - --  - - -  - _  - - [  
- 7 -  - - -  

he first paragraph of Section 3.6 states “. . systemat 
radioactivity in an area exceeds the soil. action. levels 
approximately uniform across the survey unit.” I assume t 
evaluates the residual radioactivity when the contaminat 
word is left out or some other point is being made that I have not grasped. 

RAC will revise the paragraph to clarify the meaning.’ 

.I. 

The same paragraph talks about “surface scanning” which (again) i - . ., . 

field measurement technique I have ever heard 
spectrometry, however such measurements are 
scanning - unless amoving detector is used, suc 
have. been no references to. such devices, and th 

. .  
I . .. , 

, I .  
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The wording “scanning” again appears on p.21, Znd paragraph but no additional explanation is 
provided. 

As discussed in a previous response to a similar concern involving the use of the t e h  
scan,” RAC will define the word “scan” in the report. The word “scan” in terms’.of. . 

radiation field survey techniques for the detection’ of radionuclides ’ in’ soil involves 
moving a detector across the soil surface. In addition, the Panel is currently preparing a 
workshop in which experts in radiation detection methods,. for field applications will:- 

L L  

. .  

. 

discuss potential methods for use at Rocky Flats. . - . i  I 

, .  . . . . .  . . _  . .  . .  . . .  

. .  . .  

I cou.ld not grasp the entire discussion on Scan MDC presented.on p. 21. I.’don’i’believe this:& :. 
due to my lack of understanding of the field as I have considerable experience with measurements’. 
of radioactivity in the field and of detection limits. I don? see iirycitations on this material. Is it . ”. 

original to RAC or does it have. another origin? In any case, it needs a considerable revde. In . . .  , 

particular, I found this sentence not to be understandable: “One method of determining values for . ’ . 

comparing capabilities of the detection equipment involves modifying the soi1,action levels using ~ 

a correction factor that accounts for the difference in area and the resulting change in dose;” -. .. . . 
’ ’ .. .’, 

_. 
RAC will revise the discussion on page 21 of the Task 6 report. Additional.. work, is. 
currently being conducted on the detection of hot spots (Le., small areas of elevated 
activity) that will be incorporated into the final report. 

. . .  . .. 
. .  

. ’ _ .  ~ 

. ,  
. I  ’ .  ’ / 

Detection limits are sufficient for comparing sensitivity of instiuments or pdticuliir measukment- ’ 
techniques; in fact, that is one of their purposes. Thus, I am at a loss in understanding this section: 
For that reason, I did not review the.rest of: thissection up to Sec. 3.7. The rest.of the.material in.:.‘. 
this section also probably needs improvement but I 

See previous response from prior comment. 
. .  

. .  ..;. ’ ,  : . >  . :  ._. . .  . .  . .. . .  

p; 23, The 3 value for the e cal relationship- 
studies, indicating a correlation of! 0.93!.. What 
additional studies. would, be., needed to- provide 

6 

areas surrounding the 903 pad? , - . I ,  

The basis for the statement that ‘‘additional studies should be -conduc 
statements by the author showing comparisons to other research studies and differences 
in the onsite and offsite ratios between soil concentrations of 24’Am and 23972%. We will 
add additional discussion in this area of the report to clarify the reviewer’s concern 

3 .  

p. 23, Neither the Mann-Whitney test (based on the rank-sum) ’or the, Kolmogorov-Smi 
(for comparing distributions or goodness-of-fit) are parametric tests as the authors c 
are both non-parametric tests. This level of inaccuracy in this report is perplexing. 



;.:- 

. I  
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I 

The Mann-Whitney and Kolmogorov-Smirnov tests are nonparametric tests as pointed 
out by the reviewer. This was an unfortunate error and it will be corrected. ‘- 

p. 24, 2”d paragraph. The crucial word “not” is left out of the sentence: “When the underlying 
distribution is not symmetric, the mean is not equal to the median.” 

The actual error in this statement results from having the word “not!’ &fore 
The sentence will be revised to stat 
the mean is equal to the median.” 
which correctly states that “When the underlying distribution is not sy 
are still true tests of the median but only approximate tests of the mea 

p. 24, 4* paragraph. Incorrectly failing to release an area‘ which in ,actuality satisfies the re1 
criteria is a ‘false-positive’ result beca 
between the measurements and the releas 
Type II error but in actuality this i s a  Type I error. This misapplication is 
3.8.2. [I discuss this topic in more detail later in this review.] 

See comment response for Section 3.8.2 below. 

p. 24, last sentence. I think the authors d 
useful information which is exemplified 
of the radionuclides present at the 
is no need to consider background.” Data on background levels of uranium, plutonium, and 
americium is available in the open literature. Why not include at least mean values of these 
nuclides for the Rocky Mountain 

-the -sentence could be rep 
background of uranium, plu 
estimate 35 Bqkg, -0.5 Bqkg, 
background .” 

RAC will include a secti 
Rocky Flats site. . 

p. 25, One of the single most i 
the required number of sampl 
to be the weakest section of the report and to also have a number of inaccuracies. The following 
comments apply to section 3.8.2. 

Section 3.8.2.1 First sentence claims that the require 
“anticipated variability” of the measurements. ,This is most assuredly wrong. Possibly the$authors 

Risk Assessment Corporation 
“Setting the standad in environmental health” 
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mean that an initial estimate of the required number of samples depends on the “anticipated 
variability”, however, such estimates would have to be revised as better information is collected. 

RAC will revise the sentence to indicate that “an initial estimate” and not “anticipated 
variability” is required to calculate the number of samples. 

, * ’  

Section 3.8.2.2 It is stated: “When testing the mean, the recommended null hypothesis (&) is that 
the residual radioactivity in the survey unit exceeds the action levels.” A null hypothesis by 
convention states that the statistic (such a sample mean) that is being compared to mother sample 
mean or to fixed value (such as a RSAL) is the result of random sampling and that any difference 
is due to chance. Thus, the recommended null hypothesis should be that there is no difference in 
the residual radioactivity measured in the survey and the action level - exactly the opposite of 
what is written in the text. Note that what I am describing is a conventional two-sided hypothesis 
test. A single-sided test, closer to what is described in the text, can also be computed which tests 
Ho against an alternative hypothesis, where the alternative is stated as “the measurements tend to 
exceed the RSAL.” However, the null hypothesis still proposes the &I condition, Le:, there is’no 
significant difference and that any observed difference is due to chance. 

RAC disagrees with this comment because the reviewer is refemng to the null hypothesis 
as being the state where there is no difference between the sample data results and the 
action levels. In hypothesis testing we begin by making a tentative assumption about a 
population parameter. This tentative assumption is called the null hypothesis and is 
denoted by H,. We then define another hypothesis, called the alternative hypothesis, 
which is the opposite of what is stated in the null hypothesis. This alternative hypothesic 
is denoted by Ha. The hypothesis-testin 
test the two competing statements indicated by H, arid Ha. 

Let CI, denote the specific numerical val 
null and alternative hypotheses. In gen 
population mean p must take one of the following three forms: 

Ha: p < RSAL 

In many situations, the choice of H,, and Ha is not obvious; in suchcases, judgment on the 
part of the data user is needed to select the proper form of H, and Ha. However, as the 
above example forms show, the equality part of the expression (either 2, I, =) always 
appears in the null hypothesis. The statement of the null hypothesis in the report did not 
include the equality portion of the statement in the null- hypothesis; this may- be what 
confused the reviewer. In selecting the proper form of H., and Ha, keep in mind that the 
alternative hypothesis is what the sampling study is attempting to establish. Thus, asking 
whether the data user is looking for evidence to support p < RSAL, p > RSAL, or p # 

I e RSAL will help determine Ha. 

We will revise the null hypothesis to state that: 
\ - I  

. . .  i , . _  .... j : . .  . . . . . .  
. .  . .  ._  . - .  . 

. . . . . . . . . . . . . . . . . .  . . .  
. . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  . . .  

I : 

. .  . .  
. -  

.:, :: . 3 .  

. .  
. .  
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Ho: p 1 RSAL and Ha: p < RSAL 

Note: This is an example case where we are testing the mean of the radionuclide 
soil concentrations against the action levels.’ The Panel m y  determine that 
another population parameter will be applied to the action levels such as the 
median, 95 percentile, etc. 

The null hypothesis as stated above assumes that the survey unit is conta 
(or equal) to the action level; thus, the statistic! analysis must prove that this assumption 
is wrong. If the statistical analysis provides evidence that the null hypothesis’is’not true, 
then we accept the alternative hypothes 
than the action levels. 

The statement of the null hypothesis 
and the environment as well as consisten 
compliance with regulations. EPA, NRC, and DOE have adopted the use of this null 
hypothesis in MARSSIM for statistical analysis of contaminated sites. The EPA has also 
provided null hypotheses stated in this manner in their soil cleanup standards document 
(US. Environmental Protection Agency, 1989, Methods for Evaluating the Attainment of Cleanup 
Standards - Volume I :  Soils and Solid Media, EPA 230102-89-042, Oftice-of Policy; Planning, 
and Evalu’a’tion, Washington, D.C.). It is acknowledged that site contamination conditions, 
such as lack of measurement techniques w 
preclude the use of the null hypothesis 
contaminated. Another problem arises’ when t 
concentrations of the radionuclides. If the background concentrati 
proposed action levels, it becomes difficult to distinguish between background and 
contamination concentrations. The U. S. Nuclear Regulatoj Commission’ uses the null 

to be protective of hu 
nt methods used for de 

‘ 

near the * 

the action levels are 

Section’ 3l8.2.3 Thi 

hypothesis (see above); the exam 

residual radioactivity in excess o 
Risk Assessment Corporation 

“Setting the standard in environmental health” 
i 
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data is, 
Clean 

Con tamin ated 

Type II error. It states "A false negative error would result in either unnecessary cost because of 
remediation .. that are below the release criterion. Rather, a Type 11 error (false negative) would 
result in the release (not clean-up) of an area that is above (not below) the release criterion. 

Clean . Contaminated 
Correct decision False positive (Type I error) 

released as clean when it is 

Correct decision 
< *  really contaminated 

False negative (Type II error) 
unnecessary remediation 

A 

As stated in the above comment response, the null hypothesis is not incorrect. Therefore, 
the Type I and Type 11 errors are stated correctly. . I 

The following table provides an explanation of false positive and false negative 
conclusions based on our proposed null and alternative hypotheses: 

I 

I Decision based on the sample I . , . ,  The true condition is I 

. . .  . . .  . . .  . . . .  .._. . . .  . .  : .  . .  
. . . . . . .  . . .  .i . : 

. r  . 
. . .  

. . . .  

. .  
. - _ *  

1 . . , * ' .  . 
, , . '  

.I -:..<. < ,: .'. ::..,. 

. .  . .  . *. 
I .  . .  . .  

In addition to the 'inaccu&cies discussed above, this section is exceedingly weak because it 'gves 
. no guidance on calculating the required'number of.samples. .It is h&d to' believe .such. a section 

would be presented. without some' of the conventional mathematical foiinulae available from the'. 
literature for estimating sample sizes (there are. sever@ formulae available 'depending on the type 

'' 

. . .  . . .  . . .  
. .  . .  

. .  . .  , . .  
. .  

. .  . . .  . .  . . . . .  

. , _  of distribution' type that is"like1y). ': . , .  

. . . .  . . . . . .  - .  
. ,  

. -  
.> 

We will provide guidance, and conventional mathematical formulae on calculating the 
.... . . .  . .  . .  

. . . .  - .  

.! _. required number of samples'in the revised report: . .  
. . . . . . . . .  

-.-$. 

. .  . . >  . .  . . . . . . . . . . . . . .  . . .  ' . .  , . : . ,.  .. 1 . , , . I . .  . .  
. ,  - ,  

Furthermore, a major consideration was n ant to 

amination (or natural 
single values sampled from a continuum over a two- 
to nearby values (i.e., they are correlated) as a result of 

ioactivity. Spatial correlation has important 

determining the number of sampl 
problem) of spatial correlati 
elementi) in the -eiwiidnme 
dimensional space, each value is r 
the events or prokess which 
consequences to e 
confidence limits. 
<e+. environmental measurements) leads to a confidence interval that is too narrow. Two narrow 
of confidence limits results in a false sense of security that the required precision has been 
achieved. For the purposes of comparing measurements with guidelines, standards or historical 
values, recognizing and determining the spatial correlation of measurements may be important. 
Gilbert (1987, Chapters 4,8,16, 17) and Cressie (1991) should be consulted for methods to 
deterkne the existence of, and 

precision, if spatid correlation 
degree of, spatial correlati6n. Cressie (1991) shows how to'. 

) required to reach th 
umber of independent sa 

- 
I \ - .  

. . .  . .  . . .  .A,: ,! ......... . i l  -. ........... . ;:" . . . . . . .  i . .  ' .  _. 
. .  

. .  
y .I. 
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See comment response given previously on the subject of spatial correlation. 

References: 

Gilbert, R. 0. Statistical Methods for Environmental Pollution Monitorin 
Reinnhold Co. 1987. 

Cressie, N. Statistics for Spatial>Data. New Y 

p. 26, First bullet item: Th V report (incidentally, the reference ‘should not be to BEIR 
which is an acronym for the title, but to the National Research Council that published the report) 
does not state “public health risk is modeled as a linear function’of dose” but rather th 
derives risk estimates which are linear functions of dose for a variety -of solid cancers‘! Note‘ also 
that leukemia risk is a linear-quadratic function of dose. 

\ 

strand 

& Sons, Inc. 1991. 

.I> 

. i  

su 

p. 26, First bullet item states “When the risk is linear, much higher values...’’ bu 
“When the risk is linear and without a threshold, much higher values;. .”. .1 

0 RAC will incorporat 

p. 26, Second bullet item st 

Error and imprecision due to uncertainty do not necessarily have the same meaning. 

- - -  

..- 
3.. 
. I  

I 
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Reviewer B 

Introductory note: for convenience, overall comments are presented first, and more detailed 
comments are presented on a page-by-page basis. Purely editorial comments are introduced by 
the word “Editorial”. From my perspective, RAC need not respond in writing to any of the 
comments and suggestions labeled “Editorial”. 

Overall Comments 

The draft is thorough and quite credible as to the substantive topics dealt with. It will, however, 
be hard going for the non-specialist, but I do not see a good solution to that problem. As noted in 
my comments on the Draft Report on Task 2, I recommend the preparation of a separate, free- 
standing brief summary that presents the essence of the draft, especially its recommendations and 
conclusions, in a form more understandable by non-specialists. This will be a tough challenge for 
this particular part of the project. 

RAC will include a brief summary of the report that is written to help nontechnical people 
to understand our objectives and recommendations: 

A particularly strong aspect of the Draft was the identification of the specific recommendations 
from the body of the Draft in the Executive Summary. This feature should be considered for all 
subsequent drafts as well. In fact, when reviewing the actual Draft, it was sometimes hard to 
identify the recommendations on the first reading, since I was focussing on the detailed flow of 
the analysis. Therefore I suggest consideration be given to highlighting the recommendations in 
the text in some way, perhaps with italics, or special sub-headings. 

RAC will attempt to sentation of the recommendations throughout the 
I * .  

< - c  
\ -  

. . z  

On their merits, I support all of the recommendations provided by RAC. However, the basis for 
certain of RAC’s more important (and likely more controversial) recommendations needs to be 
beefed up. In my specific comments, I have indicated where this is needed. 

The Executive Summary did not adequately incorporate RAC’s conclusions from Section 2.6. I ‘ 

recommend that this be done in the Executive Summary, but only after significant improvements 
are made to Section 2.6 (see my detailed comments later on Section 2.6, page 10 of the draft). 

I 

- .  . ”. 

See comment response on Section 2.6 below. 

Also, in both the body of the draft and the Executive Summary, it would be good to specify 
exactly to whom the recommendations are really directed (and thus from whom a response is 
expected). 
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7 ;  .:: . 
... , .. 

RAC will identify the intended responsible parties in the revised report. . 

The end of the Draft left me hanging. The three sections are: Introduction, Review, and 
Recommendations.-There is no final section headed Conclusions. Perhaps it is not necessary, and 
the Executive Summary fully serves that purpose. I suggest, however, that the authors consider 

f conciusion section. i 

We will provide a conclusion section in the revised report. 

The list of acronyms i 
I _  

> <  

This draft had a few typos, etc., which I have tried to identify is as much detail as possible. Many 
of them were probably: due to excessive reliance on the “spell check” feature of the word 
processing program used. 

I 
I I 

Detailed Comments 

Page iii, first paragraph. Probably editorial, but perhaps not. Is the Oversight Panel itself going to 
develop and carry out its own sampling protocol at Rocky Flats? Without going back to the basic 
documents, I, thought the purpose of this Task was to help the Panel provide its views on any 
protocols to be used by the actual Rocky Flats team (DOE and contractors). The wording in the 
first paragraph seems to state that the Panel will be developing and conducting its own protocol. 

9 
I /  

I *  

RAC will clarify the purpose of the sampling protocol in the revised report. 

body of the draft). If some areas are acceptable, and some are not: I recommend that both groups 

We will clarify the MARSSIM classification sc 
. .  ’ 

Page 1, fust paragraph. See earlier comment on Page iii, first paragraph. 
Risk Assessment Corporation 

”Setting the standard in environmenfa/ health” 
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. .  . .  

See prior comment response for page iii, first paragraph. 

I Page 

Page 1, first bullet and elsewhere. Editorial. I believe that the generally accepted phrase is “DQO 
process” (not “DQOs process”), and that “DQOs” is used when specifically discussing the 
objectives, not the process leading to them. If I am correct, this can be fixed by a careful search 
and replace review of the entire draft. 

We will incorporate these changes into the revised report. 

, second bullet. Editorial. I suggest ending the sentence as follows: “...in inappropriately 
releasing contaminated sites for restricted or unrestricted use.” 

RAC willconsider this editorial comment for incorporation into the report. 

Page 1, third bullet. Editorial. Shouldn’t “comparing” replace “evaluating”? 

RAC will change “evaluating” to “comparing.” 

Page 2, second paragraph. Editorial. The DQOs/DQO matter mentioned just above. I will not 
identify any additional examples in these comments, though there are many. 

RAC will ensure appropriate usage of DQO and DQOs in the revised report. 
! .  > *  , 

Page 3, first paragraph. While the summary of this section (page 10) gives the conclusion, I 
suggest telegraphing the conclusion right at the start of the section.’ 

I. 

into the revised‘report. RAC will also clarify the 
statement that :‘Overall, the RFETS sampling program meets the industry standards and 
ensures the collection of quality data.” This statement referred to the overall documented 
program in terms of quality assurance programs, DQO methodology, procedure 
development and documentation, and reporting. As stated in the Task 6 draft report, RAC 
does not advance the soil field sampling methods used at Rocky Hats, such as the CDH 
sampling methods or the Rocky Flats sampling method for comparison to the action 
levels. In addition, we have pointed out in the report that ’composite sampling,. currently 
being conducted at Rocky Flats, is not acceptable for comparison to the action levels. 

> 

Page 3, second paragraph. Editorial. While SOP is found in the acronym list, I don’t think it has 
been used (and identified) earlier in the body of the report. 

0 . I  
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We will ensure that acronyms are spelled out when they first appear in the report. 

Page 4, first full paragraph. Editorial. Does “operable unit” need to be defined? 

define operable unit in the report. 
‘ ,  

Page 5, Table 2-2. Editorial. RFI and RI are not defined in this draft. For this purpose, perhaps a 
footnote to the table would meet the need; since I don’t think the acronyms are used later. 

We will define RFI and RI in the report. 

Page 5, heading 2.2.2. Editorial. Does EMD need to be defined? 

We will define EMD in the report. 

. .  

, _  

Page 7, end of first partial paragraph. Editorial. “Very” should probably be “verify”, and HPGe, 
. while in the acronym list, isn’t spelled out in the text until page 9 (this last is a very minor point, 

but does show how carefully I read the draft). 

RAC will incorporate these suggestions-into the report. 

Page 10, Summary section. The entire Section 2 was really more of a description rather than a 
review, until we reach 2.6, which is the heart of the matter. I strongly urge that 2.6 be expanded to 
include. more clearly RAC’s !views. e RFETS program is f‘considered adequate” (last- 
paragraph). Some skeptics might won if RAC left out the words “barely” or “marginally”. 
Others; with a different attitude, might think the word -“fully? was omitted. 
clear as possible, to minimize the chance of such interpretations by others. 
earlier in 2.6, if RAC believes that the RFETS team has used the right references, developed solid 
guideline documents, etc., it should say so clearly and unequivocally. If the RFETS team did only 
a so-so.job, RAC.should say that instead. Finally, I urge RAC to offer its own views on whether 
the four.methods are al cessary.. (1-have my own opinion,, but that is not relevant. RAC’s 
opinion is, however, hig levant to the Oversight Panel.) Simply noting that each method is 
used for different purposes is not quite enough. Are all the purposes of equal importance? Are 
some methods more “standard” than others, while the Rocky Flats situation also requires the 
addition of non-standard methods? Does the existence. ofl four I methods, while perhaps 

’, complicating the level of detail, etc., provide for a fuller understanding of site conditions, risks, 
etc.? In short, I recommend that this section be expanded to provide a full presentation of RAC’s 
conclusions, and that ap riate features of this new section be incorporated into the Executive 
Summary. 

should be-asc = _ _ _  ~ 

Risk Assessment Corporation 
I 

I 

“Setting the standerd in enviionmental health” 
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RAC will provide additional text to clarify our view of the RFETS sampling program to 
ensure that no interpretation of our findings is necessary. 

Page 12, first paragraph. Elsewhere, the DQO process is flat out said to be iterative (which I think 
is correct), while here it is characterized as “likely” to be iterative. RAC should decide which it 
believes is correct, and only use that descriptor. (I believe this is the only place where “likely” is 
used.) 

. - .  
RAC will remove the word “likely” from the sentence. 

Page 12, third paragraph. Editorial. “Consideration” should be replaced by “recommendation”, 
and the sentence re-worded appropriately. 

We will replace “consideration” with “recommendation.” 

Page 12, fourth paragraph. Editorial. “Active” should be replaced by “action” 

We will change “active” to “action.” 

Page 13, third paragraph. Editorial. Remove the comma after “thus”. 

RAC will incorporate this change into the report. 
I .  . .  

- . . , - :: . .: . . ~ .  . ’ .  . . . . . . . .  : . . . . .  

I “ 

. .  . . . . . . . . . . .  . . . . . . .  . . .  
.’ , . Page: 13, fourth, paragraph.. Editorial;- ,“Probably” should. probably be ‘‘piobability”: . “CDPF’ 

. . . . . . . . . .  . .  . . . . . . . . . .  . .  : - . .  
. . .  . .  t ’  

. ,  

. . . . .  

. .  

. . . . .  . . . . . .  . .  

. . ’ should be ‘‘CPDF’;.. - .% . 
. , .. : . 

. . .  
, . .  

. .  . . .  
. .  

... . .  , .  

. . . . .  

. ;  

. . . .  . . . .  .. . . . . . .  . . . . .  . .  

e this change into the report; I . 
. . . .  

. . .  . . . .  . . . .  . . .  . . . . .  . . . .  . .  3 

ation’? 6y. itself is-.quite-.the right word, a d -  the’ 
sentence may needto be expanded to be clear. Perhaps it should be “.:.:that the estimated overall . . .  

measured-groupof samples meets.;;”.In general; this.paragraph’shou1d bdre-written to read’more .- ’ . . ‘ . 

clearly thanit does now. . . . . .  . . . .  . . . . . . . . . .  . . . . . .  . .  . .  .-: . . 

. . . . .  . . . . . .  . 
L 

. .~ . :  . 
. .  

. . . . . .  

. .  

. . .  _. . 

.:;. , . ,  

. . .  I.: , 

. .  I ! ;, ~ . :..1 - .  
L .  

. ,  

. . . . . . . . .  . . .  : , I : . . .  -.:;.-; . . . . .  . _ . :  ....... 
, . .  . .  

- i C  will rewrite this pifagraph; ’. : .  
. .  

. .  . .  
. . .  . . .  . . .  . .  : .  8 .  . ’. , - . , . . I ’  

;. .. ~ . . . . . . .  . . .  . .  
. .  . .  - 

Page::: 13, last: p’mial:, paragraph.:< This sentence’ .needs re-writing;’. Zitvesrigariuns’ in’. and of: 
themselves do not achieve soil action levels, only cleanup activities do that. 

RAC will rewrite h i s  sentence. 
e .  

. I  
.. 

. . . . . . .  ,’. . . . . . . . .  . . .  ‘i s t  ,. . , . . ,. - .  
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Page 15, end of section 3.3.2. If it is possible, I recommend RAC add a short paragraph 
‘ explaining the implications if this recommendation is adopted by the Oversight Panel. This is one 

of only two specific recommendation that, in my opinion, calls for such elaboration. 

, RAC will elaborate on this recommendation. 

Page 17, second (complete) paragraph. Would it be helpful to some audiences to briefly describe 
what the background is due to? 

- 

c 
1 )  

RAC will describe the background reference in the Litaor (1999) study. 

. .  

tensive” should be replaced by“‘extensive”. 
1 

’ 5  , We will changeYntensive” to “extensive.” 

Page 17, fourth paragraph. I recommend that the last sentence (“...profile is likely to be...”) be 
elaborated on. In particular, in what way(s) is the profile likely to be vastly different? 

. We will elaborate on the reason that the radionuclide profile distribution would be 
disturbed by remedial activities. 

Page 18, first partial paragraph. Editorial. I suggest the following change: “In contrast, other 

- --* - - __ - 

should be made .as strongly as possible in this section, if for no other reason than it apparen 
will mark a major change (and may be strongly resisted by some). In addi 
recommendation should be carried forward as stated to‘ the Executive Summary, not generaliied 
as it is now. 

additional discussion on the incremental sampling recommendation. 

ection 3.6.’ This is about as clear an explanation of these 
topics as I have ever seen. In particular, I suggest the use of additional ‘,‘for examples”, as done on 
the bottom of page 21, to give some reality for non-specialist readers. 

I 

Risk Assessment Corporation 
“Setting the standard in environmental health” 
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R4C will consider incorporating additional examples in the report for this purpose. 

Page 20, last paragraph. Editorial. I suggest a comma after “(e.g., standard deviation)”. 

. .  
We will incorporate this suggestion into the report. 

Section 3.7. Without having taken the time to do the math, I suspect there is not a really large 
difference between Eq. 3-9 and Eq. 3-10, even though one covers one isotope and the other, two 
isotopes. RAC’s observations on this would be a helpful addition to this section. More important, 
if RAC really believes surrogates would help (it is included in the recommendations in the 
Executive Summary), a stronger case should be made in this section, and perhaps an actual 
suggested conceptual approach, with an estimate at least of how quickly it could be done if not 
the probable cost. 

Equations (3-9) and (3-10) are similar and an important omission occurred in Equation 
(3-9). Although Shierman (1994) provides the equation as 2 3 ~ ,  discrimination between 
23% and 2”opu was not possible using alpha spectroscopy. Therefore, Equation (3-9) will 
be revised to indicate that it is also using 241Am to estimate 239*2%. RAC will also 
expand the discussion on the use of surrogates at Rocky Flats. 

Page 24, second paragraph. My rusty recall of statistics tells me that when the distribution is 
symmetric, the mean is equal to the median. Thus I recommend that “not” be removed from the 
sentence ending “the mean is equal to the median”. If my recall is wrong, ignore this suggestion. 

The statement will be corrected as indicated in the response to the same comment from 
Reviewer A. 

Page 24, fourth paragraph. The Type II error concept is cited here, but not defined until page 25. 
The answer may simply be to eliminate the parenthetical in this paragraph. 

RAC will remove the reference to Type II in this sentence. . 
I . *I _. I 

Section 3.9;page 26. In my view, this is one of the most important recommendations in the Draft,, 
and one that I particularly strongly support. It behooves R4C to elaborate somewhat on the 
general implications (cost, whether it would lead to significant schedule delays, etc., etc.) ’ 

RAC will expand the discussion on Section 3.9. We are not in a position to estimate costs 
and schedule delays that may be incurred by Rocky Flats because of the implementation 
of this recommendation. However, Rocky Flats is currently using independent contractors 
to perform independent confirmatory investigations on the buildings at Rocky Flats. 
Therefore, it would seem reasonable that similar activities should be conducted .for ,the 
action levels in soil. :* 

(, 

. .  

I 
~ 
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Reviewer C 

General comments 

It was hard to immediately determine the overall goal of the report. I eventually concluded that 
the goal was to determine a sampling protocol for determining the spatial extent of cleanup 
needed for areas which do not pass the soil action level. Presumably, this would require 
additional sampling in the future. Because of the tremendous amount of soil sampling that has 
already been done, it. was not immediately apparent to me that more sampling will be required in 
the future. My recommendation is to add arshort paragraph at the beginning of the EXECUTIVE 
SUMMARY and at the beginning of the INTRODUCTION, explaining what is anticipated in the 
future with regard to determining a course of action based on the eventual soil action level. Then 
explain that more soil sampling may be required, thus a sampling protocol is needed. 

I .  

During7recent discussions with the Panel, it was agreed that the protocol would be 
directed toward the final status survey. Therefore, after remediation of an area that 
exceeds the action levels is completed, additional soil sampling will be required. RAC 
will add a discussion on this topic in the EXECUTIVE SUMMARY and at the beginning 
of the INTRODUCTION. Ideally, areas that have not required remediation 
(characterization data has provided evidence that the area was below the action levels), 

. the characterization survey and sampling is conducted to a level of quality that the data 
can also be used for the final comparison to the action levels. This is an area that the 
Panel may wish to be further investigate to account for final status surveys of , 

unremediated areas. 

J 

Much of the,material in section 2, especially parts 2.1,2.2,2.3 and 2.4 just give reference to other 
documents, without providing any real insight to the reader. It forces the reader to refer to many ’ 

other documents to understand how RFETS does QA, QC, SOP’S, Analytical Requirements, and 
Validation Requirements. If the philosophy on all these issues would be difficult to summarize, 

- _- - -then it should be made clear that this report is making-no such attempt. Based on my experimc 
entation in the world attempting to assure that good, sound da tak  obtained c 

do so. Many times, so much effort is placed on the “paper trail”, that the actual care 
taken in the conduct of the work can become secondary. It really boils down to having good, 

careful=people do. the. sampling, sample preparation, and laboratory analysis-under 
of very experience leaders. , . L -  

RAC will provide a statement in the report that indicates the purpose of the RFETS 
sampling progam review. It would be quite difficult to provide a summary on the 
hilosophy for all aspects of the REFETS program. We agree that having procedures and 

programs in documented form does not provide assurance that field or analytical errors 
will not occur. We will stress this concept in. the report. 

The section.on “Data Quality Objectives” is important, but it could benefit from some Specifi 
“what ifs”. For example, what about the need to consider unforeseen circumstances such as thos 

Risk Assessment Corporation 
“Sefthg the standard in envimnmenU health” 
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affecting soil stability (e.g. off-road vehicles, fire, flood, high wind, etc.). How will these sorts of 
things affect the DQOs? 

We will expand the discussion on DQOs to provide examples of the factors that need to 
be considered during the process. 

Most of Section 3 was quite well done, and it reflected a good understanding of the historical 
literature and most of the more subtle issues concerning Pu & Am behavior in soils. 

Although no response is required for this comment, it is helpful to RAC when reviewers 
provide comments on sections of the report that they feel were done well. These sections' 
can then be compared to those sections that reviewers have identified for revision and 
helps us understand what level of discussion is expected. 

Suecific Comments 

Page 1,4" bullet: Water as well as wind can factor into contaminant dispersion. Material can, in 
some circumstances, accumulate in depressions, etc., thus the statement about concentrations 
decreasing with distance, although genetally true, is not always so. I think there are exceptions to 
the statement about larger survey units having lower mean concentrations. It depends on scale of 
sampling as well as heterogeneity of contamination and random chance. -- 

. .  RAC agrees with the reviewer that there are exceptions to the statements made in this . .  

1 bulleted item. We will revise this paragraph to indicate these are general ,statements and. 
that exceptions ,&e possible. .That is why we stress in the first sent 
units. must be defined based upon knowledge of the site.; 

' . .  

' . , . .  
. . .  . . " 

. . . .  . .  . .  . . -  . .  
, . . .  

. .  . .  :.. . .  . , . .  
. I .  

. ,~~.. .  , - .  . ._, . .; . .,. . .  ~ . . . .  . .. - 
' ' Page 2, 1ast.sentence.of .bullet paragraph: The relationship-of Pu andXm has 

established already. :This is acknowledged later in the > .  

. . _ .  : . .  . .  . . .  . . . . .  
, i ' 5 .  . . .. 

_ .  .. .. 1 . We : will change 1 this.' sentence. to indicate that relations 
plutonium have been established at the site based on several.studieS: .." . 

, 

i 
Page 2, first sentence of next to last paragraph: RAC reviewed more than just 'the- RFETS 
sampling program, as is apparent in section 3. _ -  

RAC will modify the introduction to clarify the extent of the review. 

Page 3, third paragraph: Cite literature for the CDPHE and RFETS methods. I don't'find in 
reference list. This is quite important for this document. 
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We will provide references for the CDPHE and RFETS methods. 

Page 4, Table 2-1: a 1 in 20 field duplicate is not adequate for the RFETS. 

Table 2-1 provides a review of the current RFEiTS quality control sample collection 
frequency. Table 3-2 provides a method to determine an adequate number of samples 
based on the desired confidence level. We will provide additional discussion on the 
RFETS review in Section 2 to clarify those areas of the program that RAC deems 
adequate. 

- r  

Page 7, last line of first paragraph: I don’t think HPGe surveys can be “verified” with soil data, 
because, not only does depth distribution affect the detector response, but also rocks, moisture, 
and micro-topography. 

We agree that HPGe surveys are affected by depth distribution of the radionuclides and 
soil properties. In general, the depth distribution needs to be investigated to ensure that 
the correct parameters are used in the conversion from instrument count rate to soil 
concentration. As an example (from NUREG-1 506, “Measurement Methods for 
Radiological Surveys in Support of New Decommissioning Criteria”, U.S. Nuclear 
Regulatory Commission, Draft Report for Comment, July 1995), for undisturbed soils a 
negative exponential profile with depth has frequently been found to be an adequate 
model for deposited radionuclides, that is: 

. 

s = so expl(-~P)Pzl 

’ where S is the activity per unit volume of soil (pCi ~ m - ~ )  at depth z (cm), So is the 
activity per unit volume at the soil surface (pCi ~ m - ~ ) ,  a is the reciprocal of the relaxation 
length of the exponential distribution (cm-I), and p is the soil density (g ~ r n - ~ ) .  This 

of penetration into the soil represented by the depth parameter cdp (c& 
- profile has the maximum concentration at the soil surface (So) and dec 

If the value of cdp approaches infinity, the source distribution appro 

- - - -  -~ -- -expresses the profile in terms of the soil mass per unit area, pz (g cm-*) 

the ground, and if cdp equals 0, the source distribution is uniform with depth. As an 
.example, assume a soil density of 1.5 g cm-3 and an cdp value of 0.2 cm2 g-’ (which is a 
typical value for an aged fallout deposit), the corresponding relaxatiow depth for the 
exponential profile would be 3.33 cm, meaning that the concentration would be reduce 
to 4/e, or 37%. of the surface value at, this depth. For in. situ measurements, the value o 
cdp can be determined from the analysis of soil samples from different depth increments. 
The fraction of the total activity below a given depth (log value) can be plotted versus the 
mass depth, pz. The slope of the line is then the value of d p .  

. 
. 

RAC will change the statement from “verify the HPGe surveys” to “verify the 
radionuclide depth distribution for use in the I-PGe survey conversion factors.” . 

Risk Assessment Corporation I 

“Setting the standard in environmental health” 
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Page 8, line 1 (and elsewhere): What is the “undesirable top layer”? Be more specific and 
scientific. 

RAC will describe the meaning of .“undesirable top layer” in terms of the types of 
materials typically removed before sampling at Rocky Flats. 

Page 15, third paragraph, line 5: Does Pu activity in soil refer to concentration? It is not clear. 

The “plutonium activity in soil” reported by Litaor et al. (1995) was refemng to 
concentration (Bqkg). We will change “activity in soil” to “soil concentration.” 

Page 19, third paragraph: I can’t agree with statement about a site needing to be homogeneous to ’ 
use random sampling. Better consult a statistician. 

This statement will be revised. The site need not be homogeneous to perform random 
sampling. However, random sampling is not recommended because of the unpredictable 
spacing between sample locations. Therefore, sample locations may be clustered in 
certain areas, with other areas having fewer sample locations. 

l 

Pages 22, 23, equations 3-9 and 3-10. I recommend comparing these to see if they are really 
different. 

Equations (3-9) and (3-10) are similar and an important omission occurred in Equation . 
(3-9). Although Shierman (1994) provides the equation as =%.I, discrimination between 
2 3 ~  and 2”opu was not possible using alpha spectroscopy. Therefore, Equation (3-9) will. , 

expand .the discussion on the use of S 

, ’ . 

” ’’ .’ 

. be revised to, indicate that it is also using.24’Am ,to estimate 
. . 

. .  

. . .  

Page 29; second bullet: An analytical. replicate of RFETS soil will:.’not. s 
heterogeneity. In other words, the soil cannot be adequately. mixed;. 
many replicates and large sample volumes:- : -. . . . 

. .  . .  

We note on page 29‘that analytical replicates ‘cai~: only 
intemal control tooband not as an.unbiased estimate of 
field replicates are bett 

. replicates and large samp 
small number of replicates. 

, 

. , ~ . .  >.... .. ., ,. . ,  . 

. .  

i 
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Reviewer D 

General Comments 

The report seems adequate in general, but RAC needs to clarify some issues. General comments 
are listed below and specific page-by-page comments are listed in a separate section. 

1) Soil sample depth. In DOEEPNCDPHE (1996), surface soils are defined to be from the 
ground surface down to 15 cm. Sub-surface soils are defined to be from 15 cm to the groundwater 
table. Since groundwater and surface water pathways were dismissed in DOE/EPA/C 
(1996), only surface soil radionuclide soil action levels (RSALs) were developed. RAC h 
that they, too, will ignore the 
based on new findings ..." RAC should expli 
RSALS that they plan to develop are for su 
only by noting that none of the sampling m 
cm. If the groundwater pathway becomes 
characterize deeper soils and also to make 
subsurface soils or to develop a separate set of subsurface RSALs. 

RAC will incorporate this recommendation intothe revised report. 

2) Terminology. If the RSALs are to 
terminology is required for clarity. As is 
about a point value RSAL or an RSAL distribution since the acronym RSAL is used for both 
(e.g., see comment 12.). RAC should put some thought into new nomenclature for this and future 
reports. It seems to me that the term RS 
distribution, as I understand it, is really the distribution of contaminant concentrations 
result in the target dose at a site (I'll c 
uncertainties in at least some of the in 

inappropriate and confusing to call a specific value of the CDT dis 
call the CDT distribution an RSAL as well. I 

- - value _RSAL is,a specific- value along the Cm distrjbution (e - - 

RAC will consider no 
point values and those that 

3) Use of the soil sampling data. A 
to measured radionuclide concentrations for sites with single and multiple. radionuclides shou 
be more explicit. As is, such a discussion buried in' Section 3.2. I think that a brief introducto 
section detailing the use soil sampling data for? comparison to RSAL: (point values 
distributions) is necessary @e., 
of the report is to recommend s 
concentration data for comparison to the newly developed stochastic RSALs. 

Risk Assessment Corporation 
"Sefting fhe standard in endmnmenfa/ health" 
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/ . .  . .  RAC will incorporate this recommendation into the report. . .  

. .  . . . . .  : . -  
. _ .  .. . . . .  

SDecific uaee-bv-page comments 
. . . .  ' .  _ ' .  : : . 

:,.t t. 

. . .  ' I  

. .  . .  
. *  . 

1. p. vii: . . .  

. . .  . ;., . . 
The acronyms EMD, RFP, and RSAL are used in the text k d  not defined. Define here. 

. i . : I : .;_ .:t:: * .I .... . . .  . , *, 

. .  
: I , 

... 
. .  . , .  . ::" J . ,  .I 

. . . .  . . .  . . . . .  . .  I .  . ~ . .  .,.?' 

2. p. 1. 3rd bullet 1st sentence: ' The verb 'evaluating' doesn.1 .seem. right. -Shouidritf' it %e ' . 

'comparing? 

. I  

We will define the acronyms as suggested by.the reviewer. . : 1 
. .  . _ .  . .  . *  

. .  . t '  . . . .  . .  . . .  . .  . . - .. 1 . :.,,., , ~ .  , ' 
, .  , .: . -  - .  

. . .  , . , : !  , ..-;. ' ,  . . ' .  . :  . . I  

. . . .  

RAC will change "evaluating" to "comparing.'! I . . . . . .  

' -;. :.. i '  . .  i '  

3. p.1. 5th bullet: Aren't there adequate prior sampling studi . . . .  

. .  
Data from prior sampling studies.may be.used to estimate th.e'-v&&nce of'the:.population" . ' . 

for the purpose of calculating the number of required samples. However, several-of these,' . . 

studies have generally been performed for chafacterization purposes. Therefore, the . .  ' 

variance in the measured contaminant distributions before remedialyaction will not be"the. 

. .  

. 

. .  
. .  . .  

. . .  

. . .  . . .  

.-. ~. 
. .  

- : ? .  .;" 71'.. 
. .  

.I' ,..(".-' 

.;. . .  
. . -  

. .  
. .  

yI.5 
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6. p.7 first paragraph: There appear to be several typos in the offset quote. Is RFP right? If so, 
define in the acronym list. In the last sentence, should tery’be ’verify’? 

“RFP” will be replaced with “RFETS,” and “very” should have been “verified”. Note that 
previous review comments have questioned the use of the term “verify”’ and the meaning 
of this statement will be changed accordingly. 

7. p.7 third para and throughout document. Be consistent in 
switch back and forth between cm and inches. I recommend stic 

, A  

The revised report will use metric units as the standard 

8. p. 12 last paragraph, 2nd to last sentence. A word is missin 
‘population statistics’? E ,  < .  

i 

RAC will correct this sentence. 
. .  

9. p.13, first paragraph. It would help to finish-the last sen 
represents uncertainty in the SR value given the measured co 

RAC will incorporate this suggestion into t 

10. p. 13. It seems to me that the first a1 
SR values) is useful for determining whether measured contaminant concentrations at a site are 
acceptable, but is of limited use in ,settings soil: remediation goals (Le’.: once it is determined th 
measured contaminant concentrations are unacceptable at a site and a remediation effort 

- - required, .what contaminant concentrations- 
could measure contaminant concentrations 
remediation distribution of SR values and require further 
unacceptable. However,. it ist useful to, have: remediation, 
concentrations in soil that, if attained, will allow the site to be declared ‘clean’. As such, I beli 
that the latter method (Le., choosing a point value RSAL for 
setting soil remediation goals. 

RAC points out that ‘RFETS and the Oversi 
determine RSALS’. It seems to me that this should be an issue explicitly discussed prior to Task 
5. This, and the specification of acceptable probabilities are key issues and should not be buried. 

ative for setting RS 

the remediation is c 

A similar comment was received from Panel member Victor Holm. RAC will work‘with 
the Panel to provide a recommendation of the process to be used for the sampling 
protocol. 

Risk Assessment Corporation 
“Setting the standard in environmental health” , 
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. .  
' .  1. , .. ... . _ i  

1 1. p. 18, 3rd full para. Is the 'Rocky Flats profile method' the same & the 'Veitical Soil Profile 
Method' or is it the 'Rocky Flats Method'. RAC should'be consistent. 

. .  
. .  .: ..: . !!. . . .  , 

., 4,: . .  
I . .  

- 1  

We will revise this paragraph to eniure.consistency .in the uWOf tei'iniriology: :. ': 
, _  . ' (  - . . . . . .  . .  :::.:,&:' . . .  :.., ;:: ; . . . . . . . . .  . . . .  

. .  . .  
12. p.24. 3rd and 4th paras. Here, it-seems to me RAC is assuming a point value RSAL. Specify.. 

. . .  . ,,, ........ ?.'. . I '.' ;-, . . .  :. . . . . .  . 
. . . .  . . . . .  . L . L ,  : 

I:  , , 8 .  , ,.. . .  

The nonpaiametric. tests. are. .based oni a.  point:. vahe~'RSAL;!~~As~ stated in. previous 
responses, RAC will work with the Panel to provide a recommendation of the process to . . .  

. . . . .  . . . . . . .  :..;. be used for the sampling protocol. - ;, ,:*,,.;, - . I  ..,: . . ,  . -  L ' .. . .  
. _  . I 

. . .  . .  

. .  . .  
. .  . .  

13. p. 24, last para.. Here;' mention is made .of '.thei'possible .Usei6ackgioun&'conkenkations: '. , 

However, I noticed that Table 2-1, p.4 implies that background concentrations'. will : not 'be 
considered. If the implication in Table 2-1 is true, then that should be reflected here as well. . ' 

. 

' .  

. .  
. . t:?, ' .. 2 .  . .  

Table 2-1 provides the current quality control s 
RFETS. The discussion in this table applies ' to field blanks and not background 
measurements. Blanks are typically used. to %make sure that corita&nation'does not.exist 
in the laboratory that may affect sample results:'::. . . . . . .  ,1 ial,.... .. .  . . .  

. .  

' . 

! . : i.. i : . 

. . . .  . .  
. . . . . .  

. .  . .  
. .  , . - :  . .  . .  

. . .  

. .  
. .  

. .  

. . . . . .  . . .  
. .  

. .  . .  , i i  

. .  . - _  . .  

. .  
... . . .  . .  . .  

. .  

. .  

. . . .  

. .  . . , 7 , ;. .I . 

. . .  . . . . .  

. . I  ., I . 

, , '  
. -  . .  

. .  . .  
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Reviewer E 

General comments - r  

The basic objective of the report is not apparent..The opening pikagraph statesthat it44 to provide 
recommendations for sampling protocols for Rocky Flats. %To a9large extent,< the report 'does not 
achieve that objective. It is not clear whether i t  simply intends to present a'general4ntroduction to 
elements that should be considered for soil sampling protocols, or, instead, a considered 
evaluation that is specific to the RockyL. Flats, situation. The report 
extremes, q d  fails to,do either satisfactorily; .Since the, former purpo 
addressed in existing. reports; most notably.. the MARSSIM. m 
DOE, DOD, and NRC, it appears, to this reviewer that the most us 
specifically on Rocky Flats, and to deal with general considerati 
provide bbackground-,for recommendations for this siteiL Unfortunately,. the 
specific, reconqnendations for Roc 

1) An important consideration is that ,more than one radionuclide- will have to be considered in 
designing the sampling protocols (Section 3.2). The report fails to explore the implications of this 
for the specific radionuclides actually present at Rocky Flats, except indirectly in Sections 3.4 and 
3.7. What i s  the variability in radionuclide ratiosat ROcW Flats? H impoi-tant:xe they? To 
what extent, aqe the' answers pathway dependent?:And" whatae.  th lications for sampling 
protocols? i 

, I  
t 

c. 

< 
I .  

, - >  , . 1 

The milestone for the draft Task 6 report was due before Task 5 (indep 
, calculations); therefore, information on .dominant pathways ,for each radionuclid 

I 

I 
= - _- 

3) What areas at Ro 

for release have a potential for radioactive. contaminationLabove the action levels:: Thi 
I means that 8all,sareas. are initially considered to be Class. 1 areas unless some .basis , 

- 
Risk Assessment Corporation 
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the classification of an area depends on data obtained during previous investigations 
include characterization surveys. Determining the. classification of areas at Rocky Flats 
again requires knowledge of the' action levels, which will be determined in, Task' 5.  For 
instance, all areas with contamination in excess of the action levels before remediation 

. are Class 1 areas. Class 2- areas have-.contamiriation; that are 'not expected to exceed the 
action levels. Class 3 areai are .not expectedto ,contain 'any residual radioactivity or '&e 
expected to contain levels of residua1.radioactivity' at a small fraction of the action levels 

. 

. .  . .  . . .  . .  
,;.I' . : . ., . . .  . .  

4) What specific kinds of survey units sh 01s for' Rocky .Flats, .Liked 
on, levels +d homogeneity, of contaminationtrelevant: pathways,. and, other, site. conditions? For 
what depths should sampling protocols .bkkonsidered, based on pathways that. may be present, at 

. . .  - . .  
Rocky: Flats (e.g., inhalation; ground shine; ingestion,;and.gound water)?' . -. 1. :.;., , : j -  

. . .  ... . . . .  . ,  
: * > . , - . .  , . . I .. ..:,I ,:. , :r  - '  :.. . .  '. I& .  

. . .  . .  &IC , will .provi some. guidelines; on. the: factors.-. to 'be. considered,.. in defining' Suivey 
units. However, it would be. futile:.to attempt to,piovide :a: basis for definin'g sui-iey, units 
that would encompass ail'possible variations at Rocky Flats. ?is is the purpose of the 
DQO process-to I ensure.:that,;all factorsi relevant. to: a: study' ate'- considered. befoe .' 

. . sampling is initiated. .... -. . . . . . .  . . . .  . . . . . . . . . . . . .  . ... . . . . . . . . .  . .  . .  i . ;  . I  , . .  
..*. .. - 

. .  . . .  . . ;  I .  . . . . . . . . . .  i 1  . 1. !, ; , . , .' . .  .... . . .  . I  , 
I : . . _ .  . .  . .  

. .  
. .  

In terms.,of sampling, depth; RAC is con&cting.the action levelddj! for the surface soil, 
(i.e;, 15 .cm). Subsurface pathways such'. as. groundwater. are not.'being.considered at this 
time. . .  

:, , I . . .  

._ . . 
. , : . . . .  \ . ?l;, 

5): . m a t  is the rec 
collection. and, analy , ,  . 

. . . . . . . . . . .  . . . . . . . . . .  . . . . . . .  'rj;!. . _..: .., ..I :. . : . .  

. ,  ' .  Recommen Task' 6 '". :' . -. . .  

. . .  . .  , . . . .  . .  -. . . .  
Section: 3.1Oi2r oi .the: report:;no: national.:standaid! cu&ntly..covers"data validation of', . ' .  : . '. . .  

: .: radiochemistry concepts adequately. However, RAC does not intend to atte . . .  
. I .  

. . .  . 
. . ; .: such a standard under the soil- sampling protocol scope o 

. .  . . . . . . .  .., . ..a .:. . ~ 

,-.. i.. 

. . . . . . . . .  . .  

me; report; cqntink&,'to iiflec~&ecess&ily ih;;the$:;vieG; of. t 
. . .  

about&the. -role! of RSALs-..vs..:the.:reguIatory!dosel-limit- (e.g:, Secti0n.;3:2$.;-~ 'that perhaps. is,. . . . . . . .  ' . . . . . .  

atkibutable :to.the:.discussioriin.Report #E,wile it is. quite true'. that it-is::necessa'to.khoose 'a ' . . .  ;.-- . . ' 
. .  

. . .  

. .  value- for. the degree o~-assuriinde?th'at'the;dose, li&t:bwill be 'met-(e.g;, the 95% confiaerice.leve1); ,'- 
and, that this should invoke. projections of the:probability-distributions.of the:doses attributable to 1. 

. .  

;.it. is.also. true that .at .the end of the day die-dose limit is. .' . , 

. . .  . .  

. .  
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the bottom line that must be met, and that derived secondary quhtities like RSALs will have to 
be chosen, albeit often with conservancy, that will assure that the primary dose limits are met. 
However, this process is not really relevant to the choice of soil sampling protocols, as discussed 
in Section 3.2. The relevant point+for sampling protocols is .whether or not. the sihificant 
radionuclide ratios are cons ng unit, and therefore do not require independent 

- 

analysis. < ,> 

ussion in Section 3.2 was provided to the Panel to emphasis that several methods 
are available to compare ithe soil .samplec data to, the. action levels. In Section 3.2 we 

-! proyided two,metho Id be adopted for this study: As stated in‘the comments 
from.,Panel ?member 

I 
the reason for 

recommending use of the RFETS sampling program without defining the process. 

We will revise this paragraph - r r  

* !  

P : M  t -survey units ...; employ statistical 
methods ..., establish quality assurance requirements...”) are so obvious that they do not warrant e 

NRC, DOE, and DOD. 
“ ... EPA, NRC,*.DOE, 

I 
1997. Multi-Agency 

Radiation Survey and Site Znvestigation Manual. Final. NUREG- 1575, 
I 

WC-work product.) 

Risk Assessment Corporation 
“Setting the standard in environmental health” 
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.. The cqntradiction will,be.corrected. .; 

\ .  
. .  . .  . .  . .- . 

. .  _ _  . , . . .  
' . Para.4. . .What _. are  controlle led^'. documents. and "procedural" titles? 

. . . . . . .  . - - : .  . .  
, ( ,  ' .i'.,: . . , ., 3 .  :>, ' . f r  ;. ? .  ' _  2 .  - .  ,. 

. 'The sentence will be corrected to remove "controlled" and "procedural." 

.I . ....... 
. .  

1 i .  ..,.I)_ ,';' , . , . - I  .i 

p..4 . . .  : Table 2-1, en em w,ithout ariy introduction to'the meaning of these teniis, which 

footnote . . L -  ' 3 . .  raises questionsthat are notassessed, theanswers are simply.asserted 'in terms that might 
apply anywhere (but obviously do not - so whpt is so different about Rocky Flats, and does the 
author agree?); 

RAC will add a discussion to explain the meaning of Table 2-1;). As'stated .in previous 
responses, we will provide a discussion explaining what areas of the Rocky Flats program 

ot .exp@ned.. until p. 29. (using,. in..some .. cases, a different terminology): In addition, the 2 

. 

. .  

. .  . .  

i i . .  . . 

> I  
. .  
:, ~ <- I..! are .adequate m.d those :that* are considered inadequate. 

. . . . . . . . . . . . . . .  . . . . . .  . .  . .  . .  . .  
; ¶ ,  :: : :  ;:I8 ..:: 

p. 4-6 Sections 2.2,2.3,2.4 cite lists of references without any evaluative comments. 

e See previous comment responses on' these. citations. We will provide additional 
. .  . . .  ..: discussion.on .hose areas of the program that were considered adequate. 

. . . . . . . . . . . . . . .  . . . . .  . . . .  . . . .  k l  . .;A , ; : . I . (  I <  1 , . . .  ._. x - . .  ., . I  

. .  
, .  . . -  

. .  .. . . . . . .  . . . . .  . . . .  . .  ..:.;, ..l.: a,.: ;<TS2.) :.;.;..; : \ . . .  ; :  , i , .  : . . i  

h'Ge suhey. methods,,will.bk:-added.to . .  
. . .  . .  . .  . .  

.. , .. ; : . stating that the. sum of the soil concentrations divided by 'their respective action levels ' .- . .  
. . .  . . .  . . . . .  must be equal .to'or less tha1G.1.; Weiacknow1edge:that:the 'action- levels are derived from 

'. 

' . the various exposure pathways. 
. . .  

... . .  . . . .  . . . . . . .  
. . .  

. . .  

. .  . .  
. .  

- . 6 .  :. . .  . ; . ,  
. .  

. 1 _ _  I .  

. .  

. .  . .  
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. .  
.. . . .  RAC Response, to’Peer Review Comments 

. .  
. .. . . . . . . . 

, ,  . . .  . .  

Final para. “A discrete soil action level value will not be provided for each radionuclide ...” See 
general comment above. Surely they will, at the end of the day, and that is what the soil sampling 
protocqls should.be{ based upon. Generation of the distributions mentioned is essential to setting 
the action levels (along with the primary dose level and the level of confidence that it’will be 
met), but their generation does not mean that discrete levels will not be chosen. 

I .  

* * ,  
‘ A  l ; ’  

We agree that discrete levels will need to be chosen. This paragraph will be revised. 

I ~ L * ,,::+ 

chastic action level? How does one act on it? Stochastically? 

d changed from “st oil action levels” to “soil 
f 

1 L  

0’ not include the areal of the survey unit in ‘ the 
. <  

j ’ l L  

points do not include the size of the survey unit. Therefore, the survey unit concept 
providesca method to ensure adequate coverage of the survey unit with sample locations. 

equations to determine the required number of .sample ~ 

Para. 3. The significance: of the” statement “However, the study was based upon a “spatial’ 
e 

estimation ...” is unclear. 

in the top 3 cm of the s 

ot spots in terms of 

Risk Assessment Corporation 
“SefUng the standard in environmental health” 

5 ’0% 
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. .  .. 
. .  . . . . . . . . . .  . ( .  

p. 19 ,_ .para, 3.5.2. Each sampling strata [stratum?] is more or less [more?] homogeneous than 
the :sample [unit].as.a whole.? 

. . . . . .  
. . .  .... . .  . ,.. . . .  

. 
. .  .I..,>',.. . (1 .: . . .  

The words'"or less" will be deleted from the sentence. 
. 

I 

.' 

' - of samples:required? . _  . . a  . .  , 

p. 20 Is it really useful to set out equations 3-3 and 3-4 to show a 7% difference in the number 
. .  , 

; r . .  '..( ,.'. Equations. (3:3).'and. (3-4). were. only provided as examples of how to determine the 
spacing of a systematic grid pattern for either a triangular orsquare grid; 

.p.,il;,: It is:not clear what the text and equations 3-5 to 3-8 contribute that could not be conveyed 
with a couple of short'sentences'. The reference to the sum of ratios rule following eq. 3-8 is 
unclear, since this rule normally applies to different radionuclides and pathways, not to different 
leyels: ofcontamination bythe same radionuclide through the same pathway. ' :. 

.. i:... . ' Z '  . .  . .  . . , . . . .  - ; E .  .-. A .  

' . j : ~ ; ,  The discussion in Section 3.6:-will'be revised. Currently, RAC and the Panel are 
. ' investigating hot spot identification and averaging issues. 

p.24 . Last sentence. This should be elaborated for the conditions at Rocky Flats. 

I 
Task 6 has been delayed until Task 5 is complete. This will allow for an evaluation of 
background radionuclide concentrations in comparison to the action levels. 

The discussion,of the null hypothesis needs considerable elaboration (especially the last 

~: : t  -See previous'cominent-response to Reviewer A-on the null'hypothesis. 
\ I  

8 -  
. .  sentence, and not just for the mean). I + + L ' 3 -  

I 

p. 26 The recommendation in 3.9 needs elaboration, both in terms of just 
particular kcommendation, and .in terms. of exploration'of alternative means fc 

Fication for 1 le 
. verification of ~ 

, - .  
. . . . .  ! 

the results of. the final status survey.. Why zire the:usual' EPA.procedures- not adequate' for'Rocky" 1:. 

. . .  mentioning. This section is discussing . independent .confirmatory investigations. This: 

. 
.. 

. . . . .  . . . . .  .- 
. . . .  . . . . . . .  .. . . .  .. . .  . .  

j. 
. .  

- .  I .  .. ' . I. 

. . . . .  
. ,'? 

. .  

ing of "usual: EPA procedures"' that the reviewer is 

would require an independent contractor to review and evaluate the results of the study:. 
This: may: also involve!. the .collection of'soil~.samples by the independent .contractor to 

. .  
. .  

. ,  .~ 
.......... 

. / . - . . ,  . .  
I . , ; '-1- 
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p. 32 Section 3.10.1.5. I suspect that the same measurement system for a radionuclide is only 
required on a pathway specific basis 

, . ,  1 .  

would agree that comparability involves using the same measurement system for-, a 
-media. For instance, thea same. measurement system .would generally be used for water I 

re thatqall water samp Id be compared. * 1 ,  

1 so that the concept leteness could be taken into hand. 

tory and often confusing draft. This reviewer is admittedly not an 
expert on soil sampling (nor, for that matter, on general sampling) protocols. However, the report 
should be:intelligible. to an educatedereader, and to this one, in too many places, it is not. In 
addition. to careful technical and usage editing throughout, it needs major -rewriting and 
clarification in many places. 

3 .  ' 

, I  

.> 

. .  . .:. . .  

,, , . .i . . . .  

, 

- -  - 

t 

Risk Assessment Corporation 
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RESPONSES'TO PANEL MEMBER COMMENTS 

LeRov Moore 

As a lay person who has followed sampling "from a distance," I find this an impressive survey of 
the many aspects of the complex process of sampling. But the main body of the text seems more 
like just that -- a survey --rather than the recommendation of protocols for use in remediation to 
RSAL levels that needs to be made to DOE and its regulators. The RSALOP insisted on having 
RAC recommend sampling protocols because we discovered that at present protocols do not 
exist. This suggests that DOE and the regulators could do as they wished. 

The Executive Summary seems in this regard an improvement over the actual text it purportedly 
summarizes, for the ES lists eleven specific recommendations made in the report. I suggest that a 
conclusion be added to the basic text repeating these eleven recommendations plus any that may, 
after comments, be added. Also the language within the text needs to specify that a 
recowendation is being made. As is, it's not always clear that the conclusion of each section 
culminates in an actual recommendation. 

. ' 6  

Re. the recommendations as listed in the Executive Summary, # 2 needs to be made as a real 
recommendation, not an item for consideration. Hence, change 2 to read: "Assess multiple 
radionuclides." 

RAC will add a conclusions section to the report. In addition, we will make sure all 
recommendations are stated clearly in the text. 

3.3 Survey Units: This seems a helpful way to approach what is known re. areas of 
contamination, not so good for unknown hot spots. Would it be feasible to add doing a survey 
with a gamma detector to pick up americium deposits, by means of which Pu hot spots could be 
identified? This would results in identifying new Class 1 survey units. Some of this kind of 
survey has been done in the past. How complete is it? Does a record exist that is adequate? Or is 
more of this kind of work needed? 

Radiation detection surveys (scanning or in situ) are a necessary component of the 
sampling protocol as noted in the Task 6 report. Soil sampling alone will be inadequate 
for identifying hot spots. The future Panel workshop, on radiation detection 
instrumentation and applications to Rocky Flats, may answer the question of which 
instruments are useful for this purpose. 

3.4 and 3.5 The point is made several times in these two sections that "composite samples are. . .  
unable to detect individual areas of elevated activity." For purposes of detecting areas needing 
remediation, composite samples in fact are no help at all. Shouldnt the protocols specify that all 
suspected hot spots will be sampled separately? 

. . . . . . . .  .: .- ............... 
. . . . .  . . . .  

.,>&. . .  . .  . - .  . 
. . . . .  f . . . . . . .  : \  .... . . . .  . .  . .  

/ 
&3 . . .  a: I . ,, : . 

. .  
7 
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The Panel has decided to investigate hot spots in more detail. The results of these 
discussions will be incorporated into the revised report. In general, hot spots should be 
sampled to determine radionuclide soil concentrations and the extent of the hot spot. 

0 
xplain thefsentence at the end of the first full paragraph on p. 21: "The area factor is the 

magnitude byrwhich the concentration within the small area of elevated activity can exceed the 
soil action . .  level :while maintaining compliance with the dose limit." How could' this be, if the 
action leyel corresponds with the dose limit? r 

C was provided at the June Panel meeting regarding the 'area factor 
and applications to hot spots. Additional revisions will be made to Section 3.6 regarding 
hot spots based upon ongoing discussions with the Panel. I . 

3.10.1.6 Completeness. If "completeness is not intended to be a measure of representativeness," 
how can the concept of "representativenessI' be incorporated into the protocols? Doesn't it need to 
be? , .  I >  

teness is a term that refers to the percentage of measurements that are determined 
to be valid; Representativeness reflects the degree to which sample data accurately and 
precisely represent a characteristic of a population, parameter variations at a sampling 
point, or an environmental condition. Representativeness is a qualitative parameter that is 
primarily concemed with the proper design of the sampling program. Representativeness 

. is most appropriately satisfied by being certain that a sufficient number of samples are 
collected and the sampling locations are carefully positioned at representative locations. . 

7- 

e 
c ,  

ation. The final paragraph on p. 23 states the "no national standard currently 
validation of radiochemistry concepts adequately," and that "each DOE site has 

dation-prs-edures for radioghenistry data." 
cedures for, Rocky . Do they exist in 

' I <  

r .  

een developed at Rocky Flats. Section 2 
ailable for various analyses. The quality 
erson performing the validation. ,Th 

laboratory :,errors that are possible. Guidelines generally provide 
validation; however,, personnel with extensive field and laboratory, experience pro 

performed correctly. 

ith +the analytical method ' being used and the potenti 

i c  ' . *  I 

. .  

Risk Assessment Corporation 
"Setting the standard in environmental hea/th" 
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.- . Victor Holm . ' .:.:: .'. 

1 '. . .  . .  
3 . .  .. . . . . .  , . . , , .- . .  

. .  
. .' . . . .  8 .: . .  . . .  i . .  

, .. .. : . ,. ' .. . : . .  :. . . 
I could find little to fault in your Draft Task 6 Report. Your explanation of the existing soil 
sampling procedure and the Data Quality Objectives is very clear and for the first time I now 
understand DQ0.k. Section' 3.2 on Multiple Radionuclide Considerations I found very interesting; 
You .Me FoFect in:that. ultimately it will I%. up to 'the panel tordetermine how them RSALs will be 

. 'dete*,ned;,,but;.iq wilb.up.to RAC to help us through what may be!a ver>; tech'nical -decision. The . 
confusion that some of the peer reviewers had with this concept'indicates that it will require 

. . substantially more explanation than was possible in .this report. What we .need to determine is 

. 

. 

' 

. , . .  . .  . .  what is .the:practical effect 05 the two optionsi A' .. ., . _ .  .. . 
. . .  . .  . . .  . . '.. , . . . . . :  

I .  i , '.'-' .<: :;:.s , ; , . . ,. : .<' -. 

RAC will work with the Panel : to'-provide . information to.,help with these technical 
decisions. 

> j - .  I , t q  , - 1 ,, . , 
I am stilllyery confused about what is being proposed in sections 3.3 thru 3.8: The discussion on 
follows MARSSIM which I also had real problems with. I do not know if the problem is that I 
don 't understand what is being proposed or whether I disagree with the survey methods. I was 
instrumental along with others in. including this task in the study because I did 'not agree with 
MARSSIM:,After reading your report I am more confused than ever. Perhaps the easiest way for 
me express my doubts is to explain how I would approach the problem. 

I 1  

years experience in openspit mining especially in the area of what is referred to as 
grade+control. In most ore bodies there is a gradual diminishing of grade (metal content) as the 
boundaries of the ore body are' reached. The purpose of grade control is to determine the limit of 
the economic ore. The grade that divides ore from waste is termed cutoff grade which is similar to 
the RSAL. One naturally does not wish to send waste to the mill or ore to the waste dump. The 
boundary between waste and ore-is' often not simple. Small high-'&ade ore pockets may exist 
outside-the msin ore body .If real these small pockets may contain laige profits.:All of this is ve 
similar to- the problem 'of; contamination. 'he  'consequences of committ'ing type 1 and type 
errorsmay not be same. The.result of. sendihg-a-high' grade pocket. to the waste dump may 
much greater than sending waste to the mill. The mining industry has 'spent huge resources o 
these problems. Starting in the eighties much of this technology was transferred to pollution 
cleanup. The,field of statistics involved is' called geostatistics. 'The' underlying principles of 
geostatistics is that samples in environmental systems are' not independent and not normally 
distributed; as at result the use of classical statistics is-invalidated: Natura 
elements whether in an2ore:body or in a contaminated plume &e spatial1 
samples taken near each other will-tend to be have similar values.:Samples further'awaywill tend 
to ,have less similarity8 : In fact it is possible to plot digraph' showing thc relationship between 
variance and distance. Such a graph is called a 'variogramcfFig"1 ).' There is-usually a variance 
between samples taken even at the same location: This variance is caused by sampling errors, 
analytical errors and very small scale variability . This varivlce is called the nugget. Samples 
taken further than some distance from other samples show no correlation, in other words, they are 
independent, this distance is called thc range. The variance at the range is called the sill and is 
generally about equal ance. This graph provides the basis for determine several 
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important parameters. First since it represents a relationship between variance and distance it can 
be used to select a sample spacing for a given confidence. It can also be used to determine the 
location where additional sampling will most increase the confidence. It also provides,, through 
use of what is termed the spherical model, the value of the kriging variance. This parameter 
allows the use of kriging. 

Fig 1 
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Kriging is a method of estimating the amount of contamination in a survey unit. It can be shown 
to be best linear unbiased estimate. Geostatistics has also developed a nonparametric method of 
estimation. This method is multiple indicator kriging. The sample Val 
classes, then a variogram is developed for each class. Each class is then kri 
into a distribution, The result is a probability distribution of the contaminat 
unit. This is a very brief syno 

Using geostatistiEs and my experien 
following manner. First I would select several different areas that represent the 
and conduct orientation surveys at each site. This would consist of taking many closely spaced 
samples and using the best analytical methods available (no surrogates for inst 
of this survey would be used to develop a variogram and the sample spacing for the main surve 

I 

of what is a new but, expanding fi 
-e-.- 5 -:-.= _._ - ~ _  

To me the main effort should be applied to the characterization and not the final survey. The si 
of the survey unit should be determined not by the sample spacing or level of contamination; bu 
rather by the method of remediation to be used. It is analogous to the selective mining unit (smu) 
which is the smallest area for which a decision is made on whether it is ore or waste. The smu is 
determined mainly by the size of the mining equipment selected; it is this area that is kriged. In 
mining it is also normally about equal to the sample spacing. At this point surrogate or other 
analytical methods may be used, for instance HPG gamma instruments. 

I 

Risk Assessment Corporation 
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As an example lets say that a specially modified CAT 623E elevating'scr&er'ii to be used. The 
cut would then be about ten feet wide. . If the cut was'6" deep'it would 'take about 'lo0 feet to fill. 
the scraper. This would then become thdselective remediation .unit.(sru). E the.conthination in 

' the unit is greater than the RSAL it would be remediated. If4ie:contamination was less then it 
would be left unremediated. If there is a concern about small hot..spots, 'the 'probability 
distribution of the activity within each sru can be used to determine the probability of hot spots 
existing. Using this method it is possible that-'a SG with a me& activib below the RSAL will still 
be remediated if the probability of it containing hot spots exceeds;some cokdence level. . 

.-" . - - . .  . 

. .  
Since the final status survey has already been done for those areas 'that were below the level for' 
remediation only an independent confirmatory survey needs to be. done. For &as that were 
remediated a new final status survey is ,.required: Since-the.activity. is no longer spatially 
correlated geostatistics is no longer requikd: The'methods outlined in your report ahd MARSSM. 
could be used. It is very unlikely that anylsurvey unit that was. remediated $11 be found to exceed 
the action level'after remediation. 

I realize that remediation strategies are not within the scope'of the contract dd.1 d o  not wish you 
as the contractor to give a detailed evaluation of the ideas presented here.rRather I wish to stress 
the intimate connection- between . .  the c ~ ~ c t e ~ ~ t ~ o r i ~ s u ~ e y . . ~ d '  remediation. If this survey is 
properly performed and the remediation-'process makes f appropfiate statistical methods &e 
final survey becomes a simple quality assurance check. 

. *.! . - 
' 

. . . .  
i .  

. .  
. -.. , 

-. . ! .  
, .  . -  

. .  

. .  

. , . . .  . , , _ _ . . .  ' _ . .  - . : .  . - . - ,  .. . . ... :< , : , . .  :... . 
The sampling protocol' will be directed tow the final status survey. Because this was. 
not made clear in the beginning of the Task 6 report, we understand the confusion to 

\ 
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Tbe purpose of sampling protocols is: 

I .  Deter mhe quantitatively the accidental releases of radioactive 
substances the soil a t  the site to serve as a guide for efrective cleanup, 

2. Determine the succe9s of of the cleanup. 

The sources of plutonium contamination at the Rocky Flats site we ae 
follows ( I  believe). 

1, The general fallout of plutonium from the stacks 0s lhe industrial area 
especially due to fires, operatlon of inuaerators, and other accidental 
discharges. 

2, The plutonium rsleamd by Isaking drum8 of cutting oils used foe the 
machining of plutonium weapons part8 (the 903 pad). 

~- - _ _  _ _  3d The addental releases d plutonium from ~cp~oduclion-pro~osscs d - = - -_ - - 

the industrial area. ( A i  present I believe ihat this aource is an order of 
magnitude greater tban that of the 903 pad and has been leaat evduated.) 

4, These are miscellaneous 8ources that may be present due to allegations 
of the burial of highly contaminated wastes such as those resulting from 
large fires in 1957 and 1969, 

1 believe tbat our sampllag protocol9 must address the four sources of 
plumdurn contamination enumerated and o ~ e t s  with which i am not 
fa miliar. 

The sampling protocols described in Task 6 do not address the plutonlurn 
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iourcea shown as (4)  above nrx do they address how we can quantily the 
mntaminatlon in the ground below the bulldings af the industrid atea. 

The only source thar the Task 6 report covers in some detail is the spread 
d contamination from the 903 pad area lhai was mapped by Ig8y Latam 
in 1993, The 903 pad area is a rather special case because the plutonium 
in the cutting oil6 wa$ probably metallic and rather large in particle size. 
Of much more interest is the wntamhalion in the industrial area that is at 
lesst 10 Umes greater and probably consists of high concentration 
plutonium solutions b nitric add. 

How can we evaluate sampling prolacob without knowing more aliout- 
some d the potentla1 sources of contamination? 

The cost of sampling has been invoked Several times a8 a reason to reduce 
the quantity of samples 10 be taken and admittedly to reduce the accuracy 
of the surveys. Tbis issue must be confronted head OD. 

How much does a sample cost? WithoUl specific kaavledge I estimate lhal 
a 8ample can be collected for about $30 and a chefiical malysis made for 
an additional $50. A t  $100 per sample we could collect and analyze 10,000 
samples for $1,000.000. Will 10.000 samples be sufficient or not? 

The United Stares has spenr over 5 lrlllion dollars ($~,000,000,O00,000) 
from the Inception af the Manhataa project_ to !be present on the - 

development, manufacture, storage, etc. 01 nuclear weapons. Sin& 
shutdown at Rocky Flats in 1989, f600,000,000 to $7OO,UOO,OOO has been 
spent per year for a to14 Or 6 to 7 billion dollars. The issue of money 
appears to be most impariaat when evaluating the cost af protecting 
citizens. Hdw much is it worth to protect the life, health and safety or 
peopIe--men, rpyomefi and children (~ossibly millions) that will live and 
work a t  Rocky Flats over the coming rnillenia'l I believe that comparlilg the 
expenditures that got us to the present situation and the potential harm 
caused by inadequate sarnpUng expenditures, $1 ,000,000 fades into 
insignificance. 

~ - - - _ _  __ . -  - 
~ 
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I believe that hot spots id the Soil of Rocky Flats have special sigmificiance, 
While it is true that a h  suspensions or plutodum particles in air may be 
averaged over Some relaLively large distances from thelr source 4 hot 
spots, do we have the data l o  3hm over whal distance that w r s ?  More 
imPortant, do we have arzy data od the relative frequency ut occurrence or 
hot spots and the posslbility of overwhelming the meGhPnlsm for 
averaging the concentt8tiOn La air7 Until we have some data I dont Bee 
bow we can develop protocols fw dealing with them. 

There are at least three situations (I  can picture) where hot spots can 
delinitely cause trouble in their own right 

.. - 

1. A hot spot may by coincidence be the spot where a mother places her 
smdl a d  on the ground day after day. The air borne dust surrounding 
that toddler may be far higher in concenltath than inferred from the 
average conwattation predicted by tme soil Won level, 

2. If the child is a pica eater, there is no question that the plutonium intake 
VU be considerably greater than predicted by the soil action level. 

3, Vegetation growing 00 that bot spot wUI be more heavily contamhated 
with plutonium than predicted by the soil action level, 

The gtea~~problem-wit~-h~t  spoifis ti& do we find them? If we sample = - - -  

squares that we 5 t h  by 50m and draw acompssite sample as described 
In Fjgure Z-3 of the Task 6 report, we stand some cbance of fidding 8 hot 
spot in the 1 m by 3m rectangle where our sample has been drawn. We 
stand no chance of Pinding it ib the remaining 2497 Square meters. At most 
we have no more than 1 chance In 800 of dlsmvering a hot spot. Until we 
can explain how we wU1 discover hot spots I believe it is htelllectually 
dishonest to propose a set of protocols as to how to deal with them. 



. .  Page I of 1 . .  
. . . . .  . .. , , ,  . ...,, 

. .  . 

.I . . . , . '  . 

From: Dean Heil <dheil@lamar.colostate.edu> 
To: Sanda <candftrvl@email.msn.com> 
Date: Friday, July 30, 1999 10:32 AM 
Subject: comments 

Overview of RAC responses to peer reviewer comments for the task 6 report 

Dean Heil 
7-27-99 

RAC has been very open to comments in the peer reviews. Based on RAC's 
responses to peer review comments, the task 6 final report promises to be a 
clear and concise document. 
One of the major criticisms of the task 6 draft report was that a specific 
sampling plan was not described. However, in the introduction of this 
report, RAC did provide justification of their belief that it is not 
possible (or advisable) to provide all of the specific details of a 
sampling plan at this time. These limitations to providing a detailed 
sampling protocol at this stage appear to be even more relevant considering 
that the panel has recently decided that task 6 will focus on the final 
survey following cleanup. 
Another suggestion from reviewers was for RAC to summarize the detailed 
recommendations which were made for those aspects of the sampling protocol 
which RAC deemed were appropriate to designate at this stage. RAC has 
agreed to emphasize their specific recommendations which will be aided by 
the addition of a conclusions section. 

<\% 7130199 
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EXECUTIVE SU 

'The primary god of T&k 6 i 
use at the Rocky Flats Envi 
for comparison to the soil action 
procedures to be followed in co 
documenting the samples. . ,  

Sampling prot&is are developed using the ite 
d require the U.S. Department 

iderations. These considerati 
-accepting potential decision errors 

developing a sampling 
stakeholders, which 

protocols, with the inherent need to balance the concerns of DOE and the RSALOP, 'developing a 
1 was not considered possib 

endations for those eie 
considered essential to ensure representative soil samples are collected for comparison to the soil 
action levels. These reconmendations are provided to the RSALOP for presentation to DOE and 
its contractor, Kaiser-Hill Company, for incorporation into the soil shpling protocol and 
procedures to be used for the soil action level study. 

RAC conducted a review of the current sampling program used at the RFETS and found that a 
specific sampling protocol for the soil action levels study had not been developed. However, during 
this review, several procedures were identified that are available in the Rocky Flats program for 
incorporation into a sampling protocol. Current procedures for packaging, labeling, preserving, 
transporting, and documenting the samples were considered appropriate for use in a'soil sampling 
protocol for the soil action levels study. Therefore, the main emphasis of the sdhpling protocol 
recommendations is directed toward sample collection and sampling designs. This 
several methods currently in use at the RFETS for collecting soil samples. The' 
sample collection is to ensure that representative samples of the surfice sdil (i. 

- -  
I_ I - 

- - - based on the conceptual model for the soil action levels) 
protocols must be based upon the conceptual model used to 
that representative soil samples are collected. 

This report presents recommendations for a soil siynpling protocol to support the final status 
survey. The final status survey determines the 'final c6 n of the site and is - 2  pedormed after 
decontamination activities are complete. This survey des the 'data to demonstrate that 
radionuclide concentrations in soil satisfy the established soil action levels. 

Recommendations for a sampling protocol in support of remedial action were not developed 
for the Task 6 report. Soil sampling in support of remedial action is an important concept, 
however, a large number of soil samples have already been collected fo; use in evaluating the 
nature and extent of contamination in the surface soil at the RFETS (see the Task 3 report). 
Several studies detailing the nature and extent of contamination in &e surface soil at the RFETS 
have also been conducted and are available for use in evaluating reinedial requirements. 

The U.S. Environmental Protection Agency, U.S. Nuclear Regulatory Comhission, DOE, and 
U.S. Department of Defense developed the Miilti-Agency Radiation Siiwey and Site Investigation 

Risk Assessment Corporation . . Draft Final "Setting the standard In environmental health" 
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Manual (MIRSSM) (NRC 1997), which provides detailed guidance for planning, implementing, 
and evaluating environmental and facility . radiological suryeys .:cgnductqi .; to. ..demonstrate 
complianw with dose-based soh action 1e';eIs. The NRC (1997) guidance fodus~.on . > ' - -  demonstrating . 

. ,cgmpliance'based on the final. status survey results. NRC (1997). is the ;most. comprehensive 
.'piwce document currently avaiIable. for developing radiological surveys.. Iq :this report, 
uses the general principles of the MARSSIM guidance for developing recommendations,.,. 
saqpling protocol and emphasks problems wi$ applying the MARsSIM . . . . . . . . . . . . .  guidan-ce'to,the ;oil 

. ., 

. . .  . .  . . . . . .  &on levels at Rocky Flats and potential solutions to these probleys. . .  
. . , . I .  . . 

.&IC provides several rqmmendattions in this report.in sup 
sampling protQcol for the. final status survey. The following 
rwq&endations with references . .  to the report _ . .  sections * I  I .  that' 
recommends 'that . . . .  . .  ,. . _ . * _  . :  , . . . . . . . .  . . . . .  ' " "  . . i  . . . . .  

. .  .~ . .  
. I .  

... * 
1. . .  . .  

2. 

3. 

. .  . . .  . ,. . .  
The DQO process be used to develop the soi l  sampling p 1 for .. ttg . fi&status - .  . ,  . . .  s .  ' '  

(Section 3.1). . . .  , ' . : .  . : 

DOE appoint represeqtatiyes * .  . from I .  the RSALOP fir, .:. inclusion , , ' .  . -the . . . .  DQO , ~ . . ;  , , , . .  p i , w g  , .  t- . . '  

(Section 3.1). 

The RSALOP select discrete values from the soil action level distributions, -. . . .  for '&ch 
radionuclide, and use these discrete values for comparison to 1 .  the. soil . .  ,concentration . . .  +&i 

(Section 3.2). 

. . . . . .  . . .  i... 
. . .  . .  . . .  ' I ,, ., 

I . , : .  
7 .  I .  , ~ . . ',i 

. .  . .  . . . . . . . .  

. .  
- (> l ._ l  . . . . . . .  

. r ; .  . . : 

' I . ' i -  . .  . .  

. . .  . . .  . . .  

4. 

5. 

6 .  

7. 

8. 

9. 

Soil samples be collected using profile sampling (Section 4.1). 

Profile sampling be conducted in soil depth increments of 0-3 cm to be consistent with the 
resuspension model parameters used to develop the soil action levels (Section 4.1.4). 

Soil samples should not be composited, rather, individual soil samples should be analyzed 
for radionuclide contaminants (Section 4.1.6). 

Soil samples be collected using a systematic grid sampling design, with a random starting 
point (Section 4.2). 

A statistician familiar with the WETS and environmental statistical designs be included 
on the DQO planning team (Section 4.3). 

The arithmetic mean of the soil concentration data and its associated uncertainty at k e  
upper 95% confidence interval be used for comparison to the soil action levels 
(Section 4.3). 

10. The MARSSIM (NRC 1997) non-parametric statistical tests not be used for the soil 
action level study because these tests compare the median value of the sample distribution 
to the soil action levels. When the distribution is not symmetrical (i.e., skewed), the 
median is not equal to the mean (Section 4.3.3). 

Draft Final 
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Draft Final Report 

1 1. Parametric statistical tests, bootstrapping, or geostatistical techniques be investigated for 
use in comparing the 95% upper confidence limit of the mean against the soil action 
levels. The statistical tests should be investigated during the DQO process and chosen 
according to knowledge of the areas to be sampled (Section 4.3.3). 

I 

12. Spatial correlations be investigated to determine their presence in the survey unit of 
interest and to determine if methods are required to improveathe estimate of the mean 
based on the systematic grid sampling method (Section 4.3.4). 

13. The null (Ho) and alternative (Ha) hypothesis are stated as Ho: p 2 SAL and Ha: p I 
SAL (Section 4.3.5) where p is the mean soil concentration and SAL is the soil action 
level. 
SAL (Section 4.3.5) where p is the mean soil concentration and SAL is the soil action 
level. 

14. The survey units be classified according to the NRC (1997) scheme and that the s ’ k  of 
the survey units be limited accordingly (Section 4.6). 

15. In situ gamma spectroscopy measurement be performed to identifjr potential hot spot 
locations (Section 4.7). 

16. Hot spots identified by soil samples or in situ gamma spectroscopy measurements be 
investigated further to delineate the size of the hot spot and to determine the upper 95% 
confidence interval of the mean radionuclide concentrations contained in the hot spot 

I (Section 4.7). 

17. That hot spots greater than 100 mz with arithmetic mean soil concentrations at the upper 
95% confidence interval that exceed the soil action levels be remediated (Section 4.7). 

18. That hot spots less than 100 m2 be area averaged with soil concentrations in a 100 m’ 
area and area weighted to determine if the upper 95% confidence interval of the mean soil 
concentration exceeds the soil action levels and, thus, requires reniediation (Section 4.7). 

~ - -  - .  ._ ~ - 

19.-The use of suri3gate measurements in the final status survey.-The ratio of= 
Pu provides a mechanism for the in situ gamma spectroscopy measurement o 239.240 

239,240 to be used to predict the soil concentrations of Pu (Section 4.8). 

20. DOE implement an independent verification survey for the radionuclide soil action level 
project. This survey should be performed by an independent third party (Section 4.9). 

A Draft Final Risk Assessment Corporation 
“Setting the standard in environmental health” 
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ntify the concentration of one br more radionuclides in 
eople from receiving 
lated for the Rocky 

Flats Environmental Technology Site (WETS) by the U.S. Department of Energy (DOE), U.S. 
Envkonmental Protection ‘Agency (EPA), and the Colorado Department of Public Health and 

terest in the methods 
Soil Action Level 

rant provided by DOE foiihe review. 

of the detailed ,procedures to be followed in collecting, packaging, labeling, preserving, 
transporting, storing, i d  documenting the samples (Keith 1991). The reader is referred to the 
EPA’s guidance document on “Preparation of Soil sampling Protocol: Techniques and Strategies” 
.for an elementary discussion on sampling protocols (EPA 1983). 

Sampling protocols are developed using the iterative data quality objective (DQO) process 
and require the U.S. Department of Energy (DOE) and its contractor to evaluate scveral important 
considerations. These considerations include evaluating sampling, and analytical costs in relation to 
available resour& and accepting potential decision errors that may result in renicdiating sites that 
are judged contaminated ‘when they are actually below the soil action levels. Conversely, 

-developing a sampling protobl must also incoqjorate the concerb of the general public and other 
’ stakeholders;-which are represented by the RSALOP and the soil action level study. Because of the 
complexity of developing sampling protocols, with the inherent need to balance tlie concerns of 

protocol considered essential to ensure representative soil samples are collected for comparison to 
‘the soil action levels. These recommendations are provided to the RSALOP for presentation to 
DOE and *its contractor, Kaiser-Hill Company, for incorporation into the soil sampling protocol 
and procedures to be used for the soil action level study. 

t The primary concern of this report is to develop recommendations for the design of site- 
specific surface soil sampling procedures that ensure representative samples are collected to 
determine soil action levels. Soil sampling protocols must be based upon the conceptual model used 
to derive the soil action levels to ensure that representative soil samples are collected. For cxample, 
the depth to which a sample is taken may affect the measured concentration if the radionuclide is 
deposited in the top few centimeters. Under some circumstances, averaging over the top 15 cm 
(approxhately 6 in.) is appropriate if the exposure pathway of concern is ingestion of food raised 
in the area. However, averaging may underestimate thc potential dose if the exposure pathway of 
concern is soil ingestion or inhalation of resuspended dust (SAB 1997). 
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This report presents recommendations for a soil sampling protocol to support the final status 
survey. The final status survey d e t e e e s  the final condition of te and is performed after 
decontamination activities (k required) are complete. This survey the data to demonstrate 
that radionuclide concentrations in soil- satisfy the estqblished soil action levels. This survey is also 
referred to as a termination survey, post remedial-action survey, and final survey. 
. Recommendations, for a sampling pro*l in support of remdial action were not, developed 
for the Task 6 report.1 Soil sampling in-support of ,remedia! action is an important concept; 
however, a large number of soil samples have alr@y been collected for use in evaluating the 
nature -and extent of contamination in the surface soil at the WETS (see the.,Task 3 report). 
.Several studies detailing the nature and extent of contamination iq the surfixe soil at the WETS 
have also been conducted and are available for use-in evaluating remedial requirements. This is not 
to imply tlyt no hrther surface soil studies should be conducted at WETS inppport of remedial 
design. In fhct, as noted in this report, additional studies should be conducted .for uranium 
contamination in the surface soil at VETS..  However, ,RAC and VALOP ,concurred that .the 

The soil sampling protocol recommendations presented in this repo,rt..are,'based on the 
,conceptualq model, parameterization, and assumptions .used to develop :\the soil ,action, levels 
presented &I the Task 5 report. The, conceptual model for ,&e soil adon  levels (Task 5 )  report is 
based on the surface soil (O'to 20 cm) layer. Therefore, the recommendations presented in this 
report are not applicable to subsu&ce soil layers that may be of concern for- evaluating source 
inventories for use in groundwater transport models. Future work by the Actinide Migration Panel 
may indicate that groundwater transport and seeps to su&ce,water are important processes at the 
WETS. This finding would require that a sampling protocol be developed for application to 
subsurfkce soil layers (i.e., > 20 cm). 

The EPA, NRC, DOE, and DOD have developed the Milti-Agency Radiation Survey and 
Site Investigation Manual (U4RSSM) (NRC 1997), which provides detailed guidance for 
planning, implementing, and evaluating environmental and facility radiological surveys conducted 
to demonstrate compliance with dose-based soil action levels. The MARSSIM guidance focuses on 
demonstrating compliance during the final status survey following scoping, characterization, and 
any necessary remedial actions. The MARSSIM (NRC 199.7) is the most comprehensive guidance 
document currently available for the development of radiological surveys. DOE and their site 
contractor, Kaiser-Hill Company, have used the MARSSIM guidance for use in final status 
surveys of building contamination, Therefore, RAC recommends that the final status surveys 
conducted at WETS follow the generql principles provided in the MARSSIM guidance for the soil 
action level project. In this report, RAC has used the general principles of the MAGSIM (NRC 
1997) guidance to develop recommendations for a sampling protocol. The MARSSIM guidance 
and methods should not be used blindly as a recipe for final status surveys. RAC provides an 
emphasis in this report on problems identified with the MARSSIM guidance in terms of application 
to the soil action levels at Rocky Flats and potential solutio+. 

emphasis of this report should be pl@ on the iinal statys survey. . I .  

I 

. .  
. .  
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RFETS to determine elements of the cyrent program available for use and incorporation into the 
final status sampling protocol. We reviewed quality &surance (QA) requirements, standard 

sampling and, analysis plans. This section 

directly addressing the sampling 
the soil action levels has not been 

lements qnd procedures 

onsidered to be 
technically sound and based on standard industry guidelines. However, soil sampling methods 
available at Rocky Flats-were not considered adequate for -ensuring that representative samples 
are collected fort 

ETS.is based on the present guidelines and 
requirements of the 1 Engineers (ASME) NQA- 1 (ASME 1989); 
DOE Order 5700.6~ (DOE 1991); r 5400.1 (DOE 1 ; EPA guidance for 
Comprehensive Environmental Response, C ct sites (including the 
DQO process) (EPA.1994a); and EPA, NRC, DOE, and DOD’s Multi-Agency Radiation Survey 
and Site Investigation Man ethodologies (NRC 1997). Soil sampling programs 

‘1! at the RFETS are large PA’s Comprehensive Environmental Response, 
Compensation, and Liability Act guidance, which has been adopted, in part, by NRC (1997). 

sation, and Liabili re 
[; 

2.1 Quality Assurance Project Plan 
. I .  

The overall soil sampling QA progr TS is contained in the quality 
-assur,ancerproject plan (Q 
Site- Wide QA Project 
forth in the following guidance and regulatory documents: 

EbA QAMSlOO5l80, Interim Guidelines and Specijkations for Preparing Quality 
Assurance Project Plans (EPA 1980a) 

P), -which--ii- t_itled RqC&-Flgs PIant_Environ 
G&G Rocky Flats 1994a). This-QAPjP meets 

DOE Order 570 ality Assurance” (DOE 199 1) 
DOE Order 540 eneral Environmental Protection Program” (DOE 1989) 
ASME NQA- 1 , Quality Assurance Program Requirements for *Nuclear Facilities 
(ASME 1989). 

The QAPjP describes the policy,. organization, functional responsibilities, and QA 
requirements for programs at RFETS. In addition to the QAPjP, SOPs at Rocky Flats describe the 
field techniques to be used during soil sampling field investigations at the RFETS. The SOPs, 
together with the QAPjP, form the RFETS sampling and analysis plan. 

Risk Assessment Corporation Draft Final “Sefung the standard in environmental health” 
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In addition to the QAPjP and SOPs, the QAPjP requires developing operable unit-specific 
work plans or field sampling plans. Operable unit is a term' used.by'the EPA"t0'identify specific 
conmination areas to be considered as one unit for an assessment. Work plans describe how 
.each operable- : k i t  :.will be -'characterized .and 'include specific operable '&it 'background 
information, .sampling', objectives; "S&ple locations, arid'.minimum frequencyYor'.each' tisk &r 
operation.. ' -  . 
. ' The QAPjP also requires.that each work pran be accompiriied'by a QA addend*. TlG;QA 
addendum outlines the 'site-. or operible unit-specific measures to .be 'taken ,to' meet the QA 
requirements in lhe.QAPjP .zind references 'the SOPs to'be followed.during the 'ihvestigation of a 
:specific:operable .unit. .In addition, speci 
standard SOPs that are necessary for spe 

. . . . . .  . 

. I  ," . ., . . . . . .  ... - . ' 5 -  ,.:. . . . . . .  ,;': . 1 .  . .  . .  

. 

. . . . . . . . .  . . . . .  >i .. 

. . . . . . .  . . - .  .. . .  _ . +  

As specified in.work plan/QA addendum ' " ' :. . 

1; in ;20, or once per day, whichever is more frequent 
Othei'quality control activities ' As .specified . .  in work . .  plan/QA addendum , .. , 

a According to the QAPjP, the use of field blanks for soil and sediment sampling at the'FWETS is not 

. . . .  .,. I . .-*. , .., ., . . . .  . .  Field blanksa 
Tripb'limks . .  :. . . . .  

Equipment ' rinse blanks . :. '. 

. . . .  As specified . .  in'work p1,dQA'aadendum . . . .  . , 7  :" * " , . . .  
a,., . 

. . .  , . ' , , . I .  

appropriate because of the lack of commercially available blank soil and solid materials that. adequately 
reflect the various soil types encountered. Developing blank soil types within .the Rocky Flap Plgnt region 
is not practical because of the subjectivity of ch@cteriziqg.backgrohd soil .conditions and vgiiability of 
soil types. 

. . . . . . . . . . . . . . .  

:, . 

.2.2 WETS Standard Operating Procedures. . .  

The SOPs at the WETS for soil samplhg &e contained in. two main procedu&l.!documents: 
(1) Environmental Management Administrative . . . . .  ' Procedures, 'Manual No. .., .3-2 .. 1 000-ADM ~ and 
( 2 )  Environmental Management Division ' - ( E m )  ' ope rating^ Pro.cedures, Manual 

. . .  : '  . . . . . . . . .  > 
. .  . .  ,,,:- , . , 

. . .  

. , .  . . .  

. . .  ' .. . .  .... . . . . .  . . .  . . ,  .&.L,. :< '.:', . .  
. . .  

. 7  . . . . . . .  
' I ,  . :  . . . . .  

'NO. 5-2 1 000-OPS. 
. . . . . . . .  . . . . .  

r . ,  ,., .: . 
. . .  .. - 2.2.1 Environmental Management Adm'inistrative Procedures: 

_ . . I  . , . . , . . ' ? \  ' < ,  

The .EG&G Rocky Flats Environmental Mhagement 'Administrative 'li $rocedures, . . . . .  Manual 
No. 3-2 1 000-ADM, contains administrative-level procedures. These procedures' provide the 
requirements for developing QA addenda, procedures, ' forms, and records. management. 
Table 2-2 identifies procedures that are directly 'related to the' topic of .soil sampling at the 
WETS. ' .  

. -  ... . . -  . . . . . .  . .  . .  

. .  . .  , .  

. .  . .  . .  
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Table 2-2. WETS Administrative Standard Operating Procedures Related to Soil Sampling 

Procedure 

2. to 

Environmental Man cedures, Manual No. 5-21000- 
OPS, consists of several v 
Volume I:. Field 
Manual No. 5-210 
procedural steps re 
volumes that are pe 

Table 2-3. WETS Standard Operating Procedures Related to Soil Sampling 

= = ; r - -  - - ._ _ _ _  -- - 
- _ _ _  

(GRRASP) provides the procedures for analytical laboratory work at Rocky Flats (EG&G Rocky 
Flats 1994b). Technical requirements in the GRRASP specify the methods to be used, required 
detection limits, and deliverables necessary. 

d in accordance with the standards 
and guidance set forth in the following documents: 

The analyses of radionuclides at the WETS are cond 

Test Methods for Evaluating Solid Wmte (EPA 1986) 
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' 0. 

0 

0 

0 

0 

0 

0 

0 

0 

Radiochemical . Analytical Procedures . for Analysis . of .Environmenial . Samples . . i 
. . .  ... _ _ . .  

. . . . .  . . . . .  

~ .. , .  .I . . ~ .  , .. 
(EPA 1979) 

.Prescribed ,Procedures for .'Measurement of Radioactivity . . . . . . . . .  : in- . Drinking Water . . .  

Standard Methods for the Examination of Water and Wktewater (APHA 1989) 
Eastern. Environmental ' Radiation Facility Radiochemistry 'Procedures . )  Manual . ' . , , 

Methods for Chemical.Analysis of Water and Wastes (EPb1i974) . . . . . .  ' .  

Procedures for Radiochemical Analysis of Nuclegr ;Reactor -Aqueous Solutio4 
(EPA 1973) 

U.S. Nuclear Regulatory Commission Regulatory Guides. 

. .  Interim Radiochemical Methodologv for Drinking Water (EPA 1976) 

(EPA 1980b) . I  . 

(EPA 1984) .:. , 

2 .  

. - .  .... 
. *  . .  

. . .  '1 
I 

: ' .  

'. > -  ,1" 

'.i. ..... 

r 
. .  ..... ! .. i;.. :. .... : '  ,: . . . .  ! : i! <.. . .  

. . . . .  > . .  t . : - .  
The Procedures Manual of the' Environmental'Measuremenfs Laboratory (DOE 1997) . . . . .  

. .  

, \  ', * I -  

Laboratory method detection lid& and DbOs &e provided in AppendixB of the Q h j P .  ', 
I .  . . . . . . . . .  . 1 ,  . . . . . . . . .  ': ,. 

* Z - L  . .  e .  . 1  . 
; ,.. , . 

. .  ' ."2.4 RFETS'Data . . .  Validation.Require,ments . ,,,', . . , .  . .:., , ... . ?......;:.. . . .  ;:, . .  . . . . . . . . . .  
. . .  

' I. - ,. . .  
Functional guidelines for validating most radiochemistry data have ,not been 'published'-by 

EPA; however, data validation functional . ,guiaelines, applied .directly ' from EPA 

validate analytical data at the WETS include 
Laboratory Program, have been established: for the WETS. . .  The functional . . . .  guiieliries . . .  ,: . .  . . I , .  I. . *  . . ' . . t  . I. 

Laboratory Data Validation Functional Guidelines for Evaluating Organic Analyses 
(EPA 1988a) 
Laboratory Data Validation Functional Guidelines for Evaluating Inorganic Analyses 

(EPA 1988b) . . . . .  

Water Quality Parametric Data Validation Guidelines (EG&G Rocky Flats. i 99Oaj . I .. 

Radiochemical Data Validation Guidelines-Tritium Analysis by Liquid Scintillation'.' 
(EG&G Rocky Flats ,1990b) 
Radiochemical Data Validation Guidelines-Isotopic Analyses by Gamma Spectroscopy 

(EG&G Rocky Flats 1991.) ' - 

Radiochemical Data Validation Guidelines4ross AlphdBeta by Gas Proportional.;: . ' 

Radiochemical Data Validation Guidelines-Isotopic Analyses by Alpha Spectroscopy ' ' 

(EG&G Rocky Flats.1990d). 

' . A. . .  

0 .  
, .  

i 
I 

I 

1 
1 '  

, .  

. . . . . .  

.r .. . .  . .  Counters (EG&G Rocky Flats 1990c) . .  

i 
i 

Laboratory quality control (QC) procedures are in place for radiochemistry. The laboratory 
QC procedures and samples used are described in detail in the analytical.methods'.citedin the 
GRRASP. . . . . . . . .  .: :: . . .  

.~ .., 
, ... .'1 . . . . .  . .  

. . .  
I , .  . _  , : 

. .  2.5 WETS Soil Sample Collection Protocols . '  ..:..- :. . . .  
.~ . .  

Soil sample collection protocols used at the WETS are described in EMD Operating 
Procedure GT.08, Manual No. 5-2 1000-OPS-GT, Volume 111: Geotechnical. This operating 

0 
procedure describes the surface (near-surface) soil sampling procedures in use at the WETS. 
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Near-surface soil is defined in the SOP as those soils between 
in depth. The procedure states that 

The purpose of surface soil sampling at the RFETS c h  be related to one or more 
specific objectives. These are as follows: 1) resuspension availability, which determines 
if radionuclides are present in the top-soil that could become resuspended in the air and 
thus pose a migration pathway by inhalation; 2) deposit inventories, which determine -- 
the amount of accumulated radionuclides deposited on the ground; -3) distribution of 
contaminants, which defines the areal distribution of contaminants; and 4) deposition 
increment, which defines the areal distribution with depth of radionuclides in the top 15 
cm (6 inches) of soil to veri@ the results of the Hyper-pu 
surveys. 

- , To meet these objectives, four radionuclide, surface soil 
WETS: (1) CDPHE method, designed ‘to‘ sample for‘resuspension 
method, designed to sample for deposited inventories, (3) 
method for under asphalt or concrete or where contamination’ may have occuried fiom a given 
point source, designed to sample for contaminant ?distribution, 
method, designed to sample for deposition increment; 

2.5.1 Colorado Department of Public Health and Environ 
’ c 

HE sampler is one method for collecting soil samples for radionuclide analyses at 
the WETS. The CDPHE sampler was designed to sample radionuclides in the topsoil that could 
become resuspended in the air and, thus, pose a migration pathway and exposure via inhalation. 
The sampler was designed to obtain a sample from the upper surface !4 in. deep, fiom an area 2 
in. wide and 2-3/8 in. long. Figure 2-1 is a drawing of the CDPHE soil sampling device. 
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Vegetation and any undesirable top layer of surficial material are removed. The CDPHE 
template is placed on the ground so that the soil surface is even with the upper surface of the 
sampling template. The sampling spade is placed at the backend of the template, and the front 
edge of the spade is placed into the soil !4 in. deep. The sampling spade is drawn toward the front 
of the template to obtain the surface soil sample. The spade is again placed in the sampling hole 
and drawn forward to ensure that the !4 in. soil sample has been obtained. The soil sample is then 

The total number of samples and their locations are specified in the site-specific field 
sampling plans for each project. A specific number of samples are collected and composited from 
within each sample plot. The sample locations are described by an evenly spaced grid. 

! 

@ I 

I 

I 
I 
I 

I 

i 
placed into a sample container. ! 

3 ,  

2.5.2 Rocky Flats Method i 
I 

The Rocky Flats methodis used to determine the mount of accumulated plutonium that has 
been deposited on the ground. This determination is accomplished by collecting a sample volume 
of 5000 cm3 of soil in situ. The Rocky Flats jig outlines a square area with 10-cm sides and is 
driven 5 cm into the soil to cut three sides of the sampler (see Figure 2-2). At the fourth side, soil 
is removed from outside the jig’s perimeter. The-scoop is used to finish the cut on the fourth side 
(open face) of the sample and the bottom surface. 

Ten samples are collected at each location and composited. These 10 samples are collected 
at the center and comers of two 1-m squares that are spaced 1 m apart. Figure 2-3 illustrates this 
sample collection spacing. The soil samples are passed through a 10-mesh metal sieve to remove 
large particles (such as cobbles and stone) that do not pass through the sieve. After sieving, the 
10 soil samples are composited, mixed, and quartered to obtain a sample for laboratory analysis. 

. 

e 
I 

T 

L 
5 cm 

’ OpenFace 
(1 0 cm wide) 10cm --+( 

Figure 2-2. Rocky Flats soil sampling device. The device is designed to sample 
a 5 cm depth. 

.. i. 
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1 meter ++ 1 mete 

2.5.3 Grab Sampling Method (Spade and Scoop) 

Surface soil samples can be collected for radionuclide analyses using grab sampling (spade 
and scoop) methods at WETS. The vegetation and any undesired surficial material are removed 
from the area to be sampled. The soil sample is then collected to the desired depth using a 
stainless steel spoon or scoop. 

The total number of samples and sample locations are specified in the site-specific field 
sampling plans. 

2.5.4 Vertical Soil Profile Method 
I 

The vertical soil profile sampling at the WETS defines the distribution of radionucli 
the top 6 in. of soil to verify the results of the HPGe surveys. This sampling is\accomplis 
collecting discrete soil samples at 2-in. intervals corresponding to depths from 0-2 in., 2-4 in., 
and 4% in-. Sampling of 2 in. is required to define the extent of radiological contjtmi@$i 
discrete layers of the surface soil. Four WETS procedures are used to obtain these s 
collection from the surface downward, (2) collection from the side wall of a small excavation, (3) 
collection by coring, and (4) collection from beneath concrete and asphalt pavement. The total 
number of samples to becollected and their locations are specified in site-specific 
plans. A sample of approximately 500 g is obtained for each soil profile interval. 

Soil sampling is required for in situ gamma spectroscopy surveys using HPGe detectors. In 
general, the depth distribution needs to be investigated to ensure that the correct parameters are 
used in the conversion from instrument count rate to soil concentration. As an example (fro-m 
NUREG-1506, Measurement Methods for Radiological Surveys in Support of New 
Decommissioning Criteria, Draft Report for Comment [NRC 1995a]), for undisturbed soils a 
negative exponential profile with depth has frequently been found to be an adequate model for 
deposited radionuclides, that is 

- - 
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where S is the activity per unit volume of soil (pCi cm-3) at depthz (cm), So is the activity per 
unit volume at the soil surface (pci cm-31, a is the reciprocal of the relaxation length of the 
exponential distribution (cm-I), and p is the bulk density (g cm”). This expresses the profile in 
terms of the soil mass per unit area, p z  (g cm-2), with the degree of penetration into the soil 
represented by the depth parameter alp (cm* g-1). This type of profile has the maximum 
concentration at the soil surface (So) and decreases with depth. If the value of alp approaches 
infinity, ,the source distribution approaches a plane atop the ground, and if alp equals 0, the 
source distribution is uniform with depth. As an example, assume a soil density of 1.5 g cm-3 and 
an alp value of 0.2 cm2 8 1  (which is a typical value for an aged fallout deposit). The 
corresponding relaxation depth for the exponential profile would be 3.33 cm, meaning that the 
concentration would be reduced to l/e or 37% of the surface value at this depth. For in situ 
measurements, the value of alp can be determined from the analysis of soil samples from 
different depth increments. The fraction of the total activity below a given depth (log value) can 
be plotted versus the mass depth, pz.  The slope of the line is then the value of alp. 

2.6 Summary of WETS Soil Sampling Program Review 

RAC conducted a review of the current sampling program and procedures used at the 
WETS to determine elements of the current program available for use and incorporation into the 
final status soil sampling protocol. RAC identified several procedures currently used at the 
WETS that can be used to develop a soil sampling protocol. Overall, the administrative and field 
procedures were considered to be technically sound for their intended purpose and based on 
standard industry guidelines. 

Field procedures have been developed for use at the WETS that provide field personnel 
with the required documentation for performing assigned field duties and studies. Standard 
procedures are in place that document the steps necessary to containerize, label, and ship samples 
to the laboratory. In addition, the procedures address such issues as equipment decontamination, 
sample location determination using standard survey and global positioning systems, and 
documentation of the survey process, including sample chain of custody. These procedures are 
considered to be technically sound and acceptable for use in a soil sampling protocol for the soil 
action levels. 

Four protocols for surface soil sample collection used at Rocky Flats are discussed in 
Section 2.5. R4C does not consider these collection protocols adequate for ensuring the collection 
of representative samples for comparison to the soil action levels. Therefore, this report places a 
major emphasis on recommendations for collecting representative samples for comparison to the 
soil action levels. 
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3. SAMPLING DESIGN DEVELOPMENT PROCESS - 

This section discusses the process to develop soil sampling studies and associated protocols. 
The MARSSIM recommends the use of the DQO process for the planning, development, and 
implementation of radiological surveys (NRC 1997). 

I 

3:1 Data,Quality Objective Process 

The process of planning a soil sampling 
assessing the sampling results before making a d 
survey planning uses the DQO process to ensure that the sampling results are of su 
and quantity to support the final decision. 

dy, implementing the sampling plan, 
ion is called the data life cycle. Soil sample 

3.1.1 Data Quality Objective Process Description 

The DQO process is described in de& in EPA (1994a) and NRC 
consists of seven steps as shown in Figure 3-1. 

STEP 1 : STATE THE PROBLIN 

STEP 2: IDENTIFY THE DECISION 

STEP 3: IDENTIFY INPUTS TO DECISION 

STEP 4: DEFINE THE STUDY BOUNDARIES 
- - _ _  - _ _  -_ - 

STEP 5: DEVELOP A DECISION RULE 

STEP 6: SPECIFY LIMITS ON DECISION ERRORS 

STEP7: OPTIMIZE 
THE DESIGN FOR 
OBTAINING DATA 

- -  - -  - -==  - - - -- - -- = -. 

r- 

* x  

Figure 3-1. The data quality objectives process (from EPA 1994a). 

Although the DQO process appears to be linear, the actual process is iterative. During 
decisions in the process, DQOs in previous steps may need to be reconsidered or redefined. This 
iteration is encouraged because it ultimately leads to a more efficient survey design (NRC 1997). 
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Planning radiological surveys using the DQO process can improve the survey effectiveness 
and efficiency and, thereby, the defensibility of decisions. It also can minimize data collection 
expenditures by eliminating unnecessary, duplicative, or overly precise data. The use of the DQO 
process assures that the type, quantity, and quality of environmental data used in decision-making 
will be appropriate for the intended application. It provides systematic procedures for defining 
the criteria that the survey design should satisfy, including when and where to perform 
measurements, the level of decision errors for the survey, and how many measurements to 
perform (NRC 1997). 

- -:: The following discussion provides a brief introduction to the DQO process. The reader is 
referred to the W S I M  (NRC 1997) for a full discussion on the DQO process and its use in 
+urLey planning. 4, I 

Step 1. State the Problem 

The first step in any decision-making process is to define the problem so that the focus of 

0 

thesurvey will be unambiguous. Four activities are associated with this step: ,- 
Identifying members of the planning team and stakeholders 
Identifying the primary decision maker or decision-making method 
Developing a concise description of the problem 
Specifying available resources and relevant deadlines for the study. 

The expected outputs of this step are 
0 A list of the planning team members and identification of the decision-maker 

A concise description of the problem 
A summary of available resources and relevant deadlines for the survey. 

The planning team clarifies and defines the DQOs for a site-specific survey. This 
multidisciplinary team of technical experts offers the greatest potential for solving problems 
when identifying important aspects of a survey. Including representatives from stakeholder 
groups is an important consideration when assembling this team. Once formed, the team can also 
consider the role of public participation for this assessment and the possible survey to follow. 

A concise description of the problem must be specified during this step. A description of the 
problem would typically involve the release of all or some portion of the WETS that 
demonstrates compliance with the soil action levels. The resources and deadlines for the surveys 
would need to be addressed by DOE and their site contractor, Kaiser-Hill Company. 

Step 2. Identify the Decision 

This step defines the question that the survey will attempt to resolve and identify alternative 
actions that may be taken based on the outcome of the survey. The combination of these two 
elements is called the decision statement. 

Four activities are associated with this step in the DQO process: 
Identifying the principal study question 
Defining the alternative actions that could result from resolution of the principal study 
question 
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1 : 0 Combining the principal study question and. the alternative actions into a decision 
statement 

0 Organizing multiple decisions. 

The expected output from this step is a decision statement that links the principal study 
question to possible solutions to the problem. 

Step 3. Identify the Inputs to the Decision 
. ,  - 

t I ,  

This step of the DQO process determines and specifies the information needed for the study 
and data to support a decision concerning the survey unit. Collecting data or information is 
necessary to resolve the decision statement. For the final status survey, the list of information 

ill involve measurements of the radioactive contaminants of concAern in the soil. - 

e activities included in this step of the DQO process include . 
Identifying the information required to resolve the decision statement . _  
Determining the sources for each item of information 
Confirming that appropriate measurement methods exist to provide the necessary data. 

Step 4. Define the Boundaries of the Study 

During this step, the DQO planning team develops a conceptual model of the site based on 
existing information. The conceptual model for the soil action levels has been developed and 
documented by R4C in the Task 2, 3, and 5 reports. The conceptual model is used by the DQO 
planning team to define the spatial and temporal boundaries of the sampling study. It is very 
important that the conceptual model and assumptions used to develop the soil action levels are 
considered during the DQO process. 

During this step, the spatial boundaries that will be covered by the decision statement are 
defined. These considerations include spatial boundaries 

0 

0 

That define the physical area under consideration for release 
That define the physical area to be studied and locations where measurements could be 

- - -  - performed ~ _ _  ~ - 
- _  

0 Developed from modeling used to calculatethe soil &ion levels 

For the final status survey, the smallest, most appropriate subsets of the site for which 
-decisions will be made are defined as survey units (see Section 4.6.4). I ,  

Step 5. Develop a Decision Rule 

This step defines the statistical parameter of interest, specifies the soil action levels, and 
integrates previous DQO outputs into a single statement that describes a logical basis for 
choosing among alternative actions (NRC 1997). 

Three activities are associated with this step: 
0 Specifying the statistical parameter that characterizes the parameter of interest 

Specifying the soil action levels for the study 
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0 Combining the outputs of the previous DQO steps into an “if, then” decision rule that 
defines the conditions that would cause the decision-maker to choose among alternative 
actions. 

The expected outputs of this step are 
0 Specification of the parameter of interest that characterizes the ,level of residual 

radioactivity 
Specifications of the soil action levels 
An “if, then” statement that defines the conditions that would cause the decision maker 
to choose among alternative actions. 

0 

0 

. 

-- . The parameter of interest is a descriptive measure (such as a mean or median) that specifies 
the characteristic or attribute of the residual contamination in the survey unit. The specification of 
the parameter of interest that characterizes the level of residual radioactivity is very important for 
the soil action level project. The technical basis and recommendation for the statistical parameter 
of interest is discussed in detail in Section 4.3. 

Step 6. Specify Limits on Decision Errors 

The following steps are involved in setting acceptable probabilities for decision errors 

0 .. Defining false positive and false negative errors for the decision and describing the 
consequences of each type of error 

0 Evaluating these consequences according to the relative level of concern they would 
cause, with emphasis on the environment, public health, economics, and social 
consequences 
Determining if false positive or false negative errors are of greater concern 
Establishing, with the assistance of a statistician, an acceptable probability for the 
occurrence of each of these errors 
Combining the probability statement into a formal statement of the levels of uncertainty 
that can be tolerated in the results 

(EPA 1992): 

0 

0 

Reviewing the decision rule. 

* During this step of the DQO process, the null and alternative hypothesis must be chosen 
along with acceptable probabilities of decision errors. Hypotheses and decision errors are address 
in Sections 4.3.4 and 4.3.5 of this report. 

Step 7. Optimize the Design for Obtaining Data 

,This step is designed to produce the most resource-effective survey design that is expected 
to meet the DQOs. It will be necessary for the DQO planning team to work through this step 
more than once after revisiting previous steps in the DQO process. 

Six activities are included in this step: 
Reviewing the DQO outputs and existing data to ensure they are internally consistent 
Developing general data collection design alternatives 
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, data collection design alternative 
Formulating the mathematical expressions needed to solve the design problem for each 

Selecting the optimal design that satisfies the DQOs for each data collection design 
commended design will not meet the limits on decision errors within 

he budget or:other constraints, then the planning team will need to relax one or more 

, "  

.. I 

the builget for sampling and analysis 
- Increasing the decision error rates 
- Changing the boundaries 
- Evaluating alternative measurement techniques with lower detection limits or lower 

sive controls when releasing atsurvey unit rather than 
unrestricted release 

st resource-effective survey design that satisfies all the DQOs 
operational details and theoretical assumptions of the selected design 
field sampling plan, and sampling and analysis plan. 

& 

recommendations on the sampling design and mathematical 

, . .  

, . .  . 
1 

expressions. 

3.1.2 Recommendations 
1 '  

RQC recommends that Kaiser-Hill Company, current operating contractor of the WETS 
for DOE, use the DQO process as identified in their sampling program and QAPjP to 
develop the final status soil sampling protocol. 

RQC recommends that DOE appoint representatives from the RSALOP for inclusion on 
the Kaiser-Hill Company DQO planning team. This is an important recommendation to 
ensure that stakeholder concerns are addressed in developing the sampling protocol and 
an acceptable sampling protocol for the final status survey is developed. 

*-- -appointment of RSALOP represen-tatives on the DQO planning team will also ensure 
that Kaiser-Hill Company has the input of representatives t 
developing the soil action levels. The inclusion of RSALOP representatives on the DQO 
planning team is necessary to ensure that decisions that may result in deviations from the 
recommendations provided in this report include the technical input and acceptance of 
stakeholders and the general public, represented by the RSALOP. 

' 

The,) 
I - 

* -dikctlY invohed in-- ~- 

3.2 Soil Action Levels 

3.2.1 Development Method h! 
RQC is conducting the pathway modeling for the radionuclide soil action levels considering 

parametric uncertainties. In other words, uncertainty in the values of specific model parameters 
are considered by assigning a probability distribution to each parameter that is treated as 
uncertain. Parametric uncertainty is concerned with propagating uncertainty in parameter values 
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.through the .simulations to the resulting estimates of concentrations in exposure media.or to dose, 
typically using Monte Carlo techniques. The procedure. produces, an. uncertainty. distribution for 

. ..' , .' As discussd. in the,Task 2 .report, the soil action levels must,be combined with measured 
soil- concentrations of .,the respective radionuclides, forming ratios .(soil concentration divided by 
soil action level). If .the concentration of radionuclide i is denoted by Ci, and .its radionuclide soil 
action level is denoted by SALi, then the-sum . of .. ratio .* rule for.n.Fdionuclides states that 

.. . i - . '  .. . .  ' .  , . .  each soil action level. :* ;. .-. .. . . .. 

t ,  

(3-1) 

I 

There are two methods for evaluating the.sum of ratios quantity: (1) deterministically 
and (2) stochastically. In the deterministic case, a discrete soil action level is chosen by the 
RSALOP for each radionuclide, then the ratios of the soil sample data and the soil action levels 
are summed in  the deterministic case. The sum must be less .than or equal to 1 to meet the dose 
standard (i.e., release-standard of 15, or 85 mrem y'). In ,the stochastic case, M C  has calculated 
the probability of exceeding the hose limit as a function of the ='Pu soil concentration 
(Figure 3-2). The doses calculated. in the stochastic, case include not only the dose from ='Pu, but 
all other plutonium isotopes and americium. The activity levels of the other plutonium isotopes 
and americium are estimated using site-specific isotopic ratios described in the Task 5 report 
(Killough et al. 1999). For example, using Figure 3-2 and a "'Pu soil concentration of 
100 pCi g-I, the probability of exceeding the 15 mrem dose limit is about 0.18 or about 20%. We 
note here that action levels for uranium isotopes have been reported separately because ratios of 
uranium to plutonium are not consistent across the site. In addition, uranium contamination does 
not appear to be as widespread as that of plutonium and is mostly restricted to source areas such 
as old disposal areas and bum pits. (see Section 4.1.3 for further discussion on the distribution of 
uranium in soil). Soil action levels for Y J  are reported in the same manner as those for 
plutonium isotopes, but they only include doses from the other uranium isotopes and do not 
include doses from plutonium isotopes. SpecifLing an action level for a site with both uranium 
and plutonium contamination will need to be considered case by case. 

The RAC, Task 2 report also provides a discussion about remedial strategies (see Section 
3.1.2 and equations in Section 2.1). The Task 2 report notes that programs, such as RESRAD, 
.proceed on the assumption of a uniformly contaminated area (subject to variation within a factor 
of 3). For some scenarios it could be desirable to subdivide the site area into some number P of 

' plots, each of which can be treated as having a uniform concentration of each radionuclide but 
with concentrations varying from one plot to another. Such subdivision might be of assistance in 
the planning for remediation because the effects of reducing the most contaminated plots by 
various amounts can be studied explicitly. DOE and the Kaiser-Hill Company team are 
encouraged to consider the use of the subdivision method for evaluating remedial strategies. 

. . .  . .  . . .  * .. 

. . .. 
. , . .  .. 
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e of a stochastic soil action level that shows the probability of 
m'dose limit as a function ofn9Pu concentration in soil. Doses 
isotopes and americium. Activity levels of the other plutonium 
m are based on site-specific isotopic ratios. 

RAC recommends that the RSALOP select discrete values for the soil action levels of 
each radionuclide for use in the final status survey. Selecting discrete values from the 

s the mechanism for the RSALOP to determine the action level distributions 
=--.---- I - . I * -  

- -- - - - -  
1 of riskcoGi&rea a6Gp i use in-the soil action level project. - - - - _ _ _ _  - - - - 

evaluating remedial strategies in the Task 2 
, DOE, and the site contractor (Kaiser-Hill 
se of these methods for evaluating remedial 

. . .  . . . .  . .  , . .. . . _ .  . . I : ,  . . . _ '  ' 

, .,. : . . .  

. .  . , ' .  , . , . . , .  . . 
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4. SAMPLING PROTOCOL RECOMMEND-ATIONS, 

required for developing a sampling design and explains the iterative nature of the process. The 
following discussion provides the recommendations considered by RAC to be essential to 
ensuring that representative surface soil samples are collected for comparison to the soil action 
levels. 

The discussion in Section 3 provides the reader with an understanding ,o 

4.1 Soil Sample Collection Protocol 

The soil sample collection protocol must ensure that representative samples are collected. A 
representative sample is a sample collected to appropriately reflect the media and contamination 
being measured. The samples must also be collected such that the resulting data can be compared 
to the modeled soil action levels. This requires that the media be sampled in a mkner that is 
consistent with the conceptual model and associated assumptions used in developing the soil 
action levels. For example, resuspension models are based on contamination contained in the 
upper soil surface. Sample collection protocols that collect a continuous soil sample from the 
surface to several centimeters in depth may not be representative of the resuspension model used 
to derive the soil action levels. 

Several soil sample collection protocols (see Section 2.5) are currently used in studies at the 
WETS. Several studies on‘ the nature and extent of radionuclide contamination ,at the WETS 
have used either the CDPHE or the Rocky Flats sampling methods, and in some instances, both 
methods were employed. These two methods, involving different sample collection depths, have 
created problems for researchers attempting to compare data sets. In addition to these methods, 
Colorado State University has developed a soil sample collection protocol for use in their 
radionuclide studies at the WETS (Webb et al. 1997; Webb 1992), which involves collecting soil 
samples in 3-cm increments (see Section 4.1.2). 

e . ,  

4.1.1 Protocol Comparison Studies 
’ *.‘ 

Bernhardt et al. (1983) documents a field soil sampling study conducted around the WETS 
in May 1977. The cooperative plutonium soil sampling project was conducted by Rockwell 
International (contractor at the time for the DOE WETS); CDPHE; Jefferson County Department 
of Health; and the EPA Office of Ridiation Programs, Las Vegas. Each of the agencies collected 
five replicate samples from four distinctly ‘different pedological and morphological settings 
around the WETS. The ‘following ’soil sampling methods were used in the study: ‘Rocky Flats 
method (100 cm2 area), CDPHE method (750 cm2 area), Jefferson County technique (sizing of 
dust swept from a 4 m2 area of the ground surface), and two EPA methods for samples of 0 to 
1 cm (450 cm2) depth and 0 to 5 cm (500 cm2) depth. 

Bernhardt et al. (1983) found statistically significant differences in average concentration 
between the sampling techniques. They found that for concentrations expressed on a per gram 
basis, those sampling methods that sample to greater depths tend to have lower average 
concentrations. This was attributed to the residence of most of the plutonium in the surface 1 or 
2 cm, and sampling to a greater depth resulted in dilution of the surface soil plutonium with soil 
from a greater depth that had a lower concentration of plutonium. 
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. Bernhardt et al. (1983) noted that the differences in concentrations observed.in the study 
,emphasize the importance of matching sampling objectives with sampling techniques. If the 
objective is to assess the amount ,of.the total deposited material, samples should be taken to a 
depth sufficient to collect all the material..If the objective is to assess the health significance of 

les of only the surface posited plutonium or to obtain estimates 
il should be taken. . ,  " ( i j / *  

Litaor et al. (1995) used both the CDPHE and Rocky Flats methods for samp 
239~240Pu in the Rocky Flats environment. This study noted that because the CDPHE sampler 
collects only the top 0.64 cm of the soil, the sampler exhibited a serious problem in locating the 
boundary between the soil surface and the plant litter layer accumulated above. The study 
concluded that there was no significant difference in239~24oPu activity in soil collected with 
CDPHE sampler versus the Rocky Flats g surface contour map 
estimated plutonium co 
method, with 10 sample 
ha near the 903 Pad an 
consisted of taking five subsamples c 
which were spaced 1 
required 25 equally spaced subsamples to be composited within each survey unit. 

The Litaor et al. (1 995) study sampling protocols required composited samples, which 
introduced an additional source of uncertainty in the results because of the sample 
homogenization process. Composite sampling generally provides a very good estimate of the 
mean. However, information for the variance of the concentration needed for the final status 
surveys was not provided. Composited samples are also unable to detect individual areas of 
elevated activity (see Section 4.2 for a discussion on sampling design). The sampling methods 
used in the Litaor et ai. (1995) study also required different numbers of samples from completely 
different soil horizons. Nonetheless, the two sampling methods may be comparable for the 

posited for the .CDPHE 
lats method using survey unit sizes of 1.01 

r ?, 

b purposes of the Litaor et al. (1995) study. However, the two methods are not considered 
equivalent for the purpose of determining if the soil action levels have been attained at the site. 

4.1.2 Depth Distribution of Plutonium and Americium 
- .-. - = -- - _ _  -* - - _  The importance of sampling-depth for the sample collection-protocol was identified b= - ~ 

. .  
. .  

Bernhardt et al. (1983) as described in Section 4.1.1. The following summary of studies at the 
WETS for plutonium and americium provides insight into the depth distribution of these 
radionuclides. 

Webb et al. (1997) conducted a study using a sampling protocol developed at Colorado State 
University, with additional surface samples collected using the CDPHE method. This study 
selected thirteen loom2 macroplots, which were spaced at exponentially increasing distances 
from the 903 Pad along each of four transects. Samples were replicated at four randomly located, 
1-m2 microplots within each macroplot. The general sampling procedure was to (1) clip the 
standing vegetation at ground level inside a 1250 cm2 frame, then scrape -3 mm of surface soil 
using the CDPHE scoop and template method and (2) clip the standing vegetation at ground level 
inside a 625 cm2 frame, then excavate a 25 cm long x 10 cm wide area of soil in 3-cm layers to a 
depth of 21 cm using a trench technique developed earlier in Little (1976) and later modified in 
Webb (1 992). 
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. . Webb'. et al. (1997) investigated the .depth distribution of 239Pu in the 'soil 'at :Rocky. Flats 
(Figure 4-1). ' To .develop .the generalized. depth. .distribution for the .'s~dyI?area, 
concentrations in -each 'layer (including the .0-3-mm scrape) .were normalized :.to;the: 0-3;cm 
concentration for each soi1;profile. The medians of the normalized values,at eachdepth'were then 
fit to mathematical functions -by :trial and 'error,. but .the.:final regression .parahetee were 
determined with commercial fitting sohare .  In the final regression, a total of 643. individual 
'23gPu values were used to derive the follow 

I .  

. . .  

.' .,. , A .  1 .  .: % ppuIi := . . [ 239 P ~ ] , - , ~ ~  ..[ 
; ~ .  . : .  

. . . .  . . . . . .  . ( I  . : : . . > . ' .  , . ;  . . -  . 
1 .  where 

[23?Pu]d' '- ' . = S39Pu concentration ,at depth d.(cm) .' ' 

" 

. . , . . : . 

[239PU]0-3& = . . . .  239P iintrati&d .... t6i;ci g-1) in 03 
' , (  :. .,; ._  . . . .  . -  . . . . . .  

.Webb et ai. (1997) noted that the'relafively unifoh . . #  conc . 

e.cm .is suggestive of some ongoing natural 'mixing process. . I  . . . .  . . . .  . . .  . . .  . .  , . . : .. _. , .  . .  
. . .  . . . . .  . . . .  . . . . . . . . .  

. . .  
. .  , , ' . : '  ~ , .  
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Figure 4-1. The 239Pu concentrations in soil at all depths (Webb et al. 1997). 
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Shierman (1994) provides information on the americium and plutonium concentration soil 
profiles at the Rocky Flats site. Shierman-found that the concentrations .of americium h d  
plutonium ,decreased ,exponentially as a function of, depth for I all .-the % locations sampled. 
Approximately 90% of the total inventories of the two radionuclides resided in the top 9 cm of 
soil, with approximately 50% of the total inventory for the two contaminants residing in-the top 
3 cm of soil. No difference 
colu 

areas near' Rocky Flats. .L 
activity from 11 soil pits >collected outsid-e RFP. The.study indicated that the top layer (W3 cm) 
was ,the most cqntaminated 1ayer;svith over .96% of 2399240Pu activity accounted .for in the top 

of the soil. Below,the 12;cm,depth, pluton 
for a discussion on background soil c ion 

The studies discussed above indicate that 
similarly in the soil 
profile, with exp 

4.1.3 De 
iiI 

Information on the depth distribution of uranium appears to be less extensive than that for 
plutonium and americium. R4C did not find the activity distribution of uranium with depth in the 
soil during a >literature search: However, Litaor (1995) +$onducted a study of the spatial 
distribution of uranium isotopes in soils at the RFETS. The goal of the Litaor (1995) study was to 
provide information on the distribution of uranium isotopes in soils east of the. RFETS. A spatial 
analysis of three uranium isotopes was conducted to determine the concentration and distribution 
pattern of uranium contamination. Geostatistical techniques were used to model the spatial 
dependency and construct isopleth maps showing uranium isotope distributions. 

The Litaor (1995) sampling,,protocol required 25 equally spaced subsamples to be 
composited within 4.05 or 1 .Ol-ha plots for uranium isotopes.analysis.The soi1,at each individual 
location was sampled with a CDPHE sampler. Eighty-four, 4.05-ha ts and thirtyfour 1 .O l-ha 
plots were sampled for a total of 1 18 ,plots. ~ * , *  - _  

--Litaor (1995) identified 234U activity- in soils-around-the.RFETS&at ranged-from225.9 to - ,-. _ - -  - 
- -. - - 

---- - 
92.8 Bq kg-1.(0.7 to 2.5 pCi g-l), with a median activity of 44.4 Bq kg-! (1.2 pCi g-1). A spatial 
structure was not observed with the 234U data. Litaor (1995) indicated that the lack of spatial 
structure suggested that 23% was randomly distributed in the soil environment east of the 
RFETS. The randomness was also interpreted to reflect .inherent irregular variation of 234U 
dispersion in the soil that could not be predicted by the sampling method. As an alternative 
interpretation, Litaor (1995) also indicated that it may represent variability between sampling 
plots at distances less than that used in the study or samples collected from different populations 
(natural versus impacted -because of Rocky ~ Flats activity). On the basis of the available 
information, Litaor (1995) concluded that the contribution of Rocky Flats to the activity of234U 
in the soils was negligible. 

Litaor (1995) identified 235U activity in soils around the RFETS that ranged kom 0.1 to 
25.1 Bq kg-1 (0.003 to 0.68 pCi g-l), with a median activity of 1.8 Bq kg-1 (0.05 pCi g-1). The 
resulting 235U geostatistical contour map did not indicate the same clear west-east pattern of 
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dispersion as those identified for 239+24oPu and 241Am (Litaor et al. '1995). The activity of 
235U was localized, approximately 500 m east of the industrial section of the WETS. No clear 
relationship between the various sources of 23% contamination considered in the study (i.e., 
burial trenches and the 903 Pad) and the spatial pattern of the 235U isopleths was found. 

Litaor (1995) states that the two soil plots with the highest235U activity probably resulted 
from surface flow and interflow from the east spray field. It was hypothesized that the small 
amounts of 23% in pond water were reconstituted on the soil surface of these two plots through 

:.Litaor (1995) identifies 238U activity in soils around the WETS that ranged fiom 30.7 to 
286 Bq kg-1 (0.83 to 7.7 pCi gyl), with a median+activity of 44.4 Bq kg-1 (1.2 pCi g-1). The 
2% geostatistical contourrmap showeh a clear west-east dispersion pattern like those of 
239+24oPu and 241Am (Litaor et al. 1995). The highestiobserved activities Of238U were found 
around the 903 Pad; however, these values did not extend beyond the immediate vicinity of that 
site. , I  

Litaor (1995) notes that the complete IackTof similarity in the spatial distribution across the 
soilscape near the 903 Pad could be explained by 3fundamental differences in solubility 
characteristics of plutonium and uranium that, in turn, affects their mode of dispersion in the 
environment. Plutonium is largely insoluble in the soil environment 'at WETS; hence, upon 
removal of the drums during the cleanup operations, the impacted area became susceptible to 
wind and surface erosion. Consequently, plutonium particles entrapped in the fine fraction of the 
topsoil were airlifted by winds and subsequently deposited across the soilscape east of the 903 
Pad. In contrast, under the pH and alkalinity conditions of the soil adjacent to the 903 Pad, 
uranium(VI) may form complex ions with carbonates and migrate dow'nward in the soil column. 
Litaor (1995) notes that Seed et al. (1971) identified four hot spots below the asphalt cap that had 
been placed over the entire area of the 903 Pad. They retrieved >3 1 kg of uranium below this cap. 
Most of the uranium was concentrated in the B soil horizon located 15 to 40 cm below the 
original ground level. Increased clay content with depth decreased the hydraulic conductivity in 
the soils. These flow conditions facilitated the transport of uranium through the surface horizons 
but greatly restricted the transport to greater depths (Le., >1 m). Litaor (1995) notes that the 
mobility of uranium with depth was probably further restricted because of sorption of uranium by 
the sesquioxides and CaCO3 minerals. Because of the solubility and migiatory behavior of 
uranium in the soil system, little uranium was entrapped in the fine particles of the topsoil. 
Hence, wind-dispersal mechanisms did not influence the spatial distribution of urahium isotopes 
across the soilscape east of the 903 Pad (Litaor 1995). 

The uranium study conducted by Litaor (1995) indicates that isotopes of uranium do not 
behave similar to plutonium and americium in the soil environment. At the present time, the 
development of a soil sample collection protocol must rely on the Litaor (1995) uranium study 
and the assumption that the uranium was leached near the source into the soil profile and not 
transported by resuspension. Thus, uranium is assumed to be locally concentrated near the 
original source areas and present throughout the surface soil profile. R4C recommends that 
additional studies be performed similar to the Webb (1997) study on plutonium and the Shierman 
(1994) study for americium to determine the depth profile of the uranium contamination in the 
WETS soil environment. The study by Litaor (1995) relied on samples collected from the upper 
0.6 cm of the soil profile using the CDPHE sampling method and limited pit samples collected to 

the continuous irrigation and subsequent evapotranspiration. I .  I .. 
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a depth of 9 cm. If the uranium is mobile in$the soil environment,; most of the uranium activity 
may already reside in the soil profile below that modeled.for the soil action levels (i.e., 20 cm). 

4.1.4 Conceptual Model Considerations ’ 

The conceptual model and assumptions for developing soil action 
Task 3, “Input and Assumptions.” Two parameters used in the RI$MD,,model for calculating 
the soil action levels relate to considering sampling depth. These parameters 
soil mixing layer and the ,thickness of the contaminated zone. 

This value is used to calculate the depth factor, or the fraction of total resuspendible soil that is 
contaminated. The use of this parameter in RESRAD to calculate the depth factor requires that it 
represent the depth over which contamination ,is uniformly distributed in .the resuspendible layer. 
In the previous soil action level I calculations,,(DOE/EPA/CDPHE $996), the values for soil 
mixing layer and thickness of the contaminated zone are equal, which is not.consistent with-the 
definition of either term. RAC. selected a .value, of 0.03 m to maintain consistency with the 
definition. This value has been used in the literature to define the surface or resuspendible soils 
and is the value defined by Webb et al. (1997) as representative of surface soils at Rocky Flats. 
We note here that the resuspension model in RESRAD ,was bypassed in,our calculations. Instead, 
we used a site-specific model that accounted for the spatial distribution of plutonium in soil and 
annual average meteorological conditions at the site. The modell was calibrated to measurements 
of plutonium isotopes in air at samplers located in the buffer zone and along lthe perimeter of the 
site. 

The thickness of the contaminated zone in RESRAD represents the vertical distance over 
which radionuclide contamination levels are clearly above background. The research presented in 
Webb et al. (1997) indicates that plutonium contamination is distributed over the top 20 cm of 
soil, with very little movement of that soil within the column over the past 20 years. For this 
reason, RAC used a deterministic value of 0.2 m (20 cm) in developing 

4.1.5 Dominant Exposure Pathways 

‘ 

The depth of the soil mixing layer is the depth of surface soil I 

e -.- - _ _  - Soil action levels for plutonium and uranium isotopesothat Kere  
- -  

-~ 

(Killough et al. 1999) vary.depending on the scenario assumed. 
(those with the lowest soil action level) were the RAC-designated scenarios of the ,rancher, child 
of the rancher, and infant of the rancher. Soil action levels for 239Pu were from 80 to 1 10 pCi g-1 
for these scenarios assuming a 15 mrem dose 1-imit and when the current vegetation was present. 
Under a special case where a fire removes most of the vegetative cover, soil action levels for 
239Pu dropped to between 10 to 25 pCi g-1 mainly because resuspension was substantially higher 
for bare soil compared to vegetated soil. Consequently, inhalation was the dominant pathway for 
the fire case, while the soil ingestion was the dominant pathway for the no-fire case. 

The dominant exposure pathway is an important consideration for the soil collection 
protocol. Because surface exposure pathways such as soil ingestion and inhalation of 
resuspended soil dominate the dose, the upper 3 cm of soil should be sampled. While the 
RESRAD model provides soil action levels for the entire modeled contaminated zone (Le., 
20 cm), only the surface soil concentrations (0-3 cm) influence the dose. If the soil were sampled 
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I 

over the entire contaminated zone of 20 cm, then dilution of the upper 31cm soil profile may 
provide a soil concentration that is less than the action level for radionuclides despite thefact that 
the 0-3 cm concentration may exceed the action level. Therefore, based on the dominant 
exposure pathways being soil ingestion and inhalation of resuspended soil as reported> in the 
Task 5 report (Killough et al. 1999), soil sampling should include the 0-3 cm layer. 

4.1.6 Sample Compositing ’ 
.. 

i 

The CDPHE and Rocky Flats soil sampling methods used at Rocky Flats are based on the 
concept of composite sampling fiom a systematic grid. Composite sampling consists of collecting 
several grab samples, from equally spaced intervals, that are thoroughly mixedlinto one 
composite sample. Then,, either the entire composite is measured or one or more random 
subsamples from the composite are withdrawn and measured. If the mixing process is thorough;a 
physical averaging takes place so the subsamples represent the average concentration of the 

Compositing is useful if (a) the cost of analyzing individual grab samples for contaminants 
is high, (b) the mixing process is thorough, (c) information on the variability: or 6 extreme 
concentrations for grab samples is notmeeded, and (d) the total amount of pollutant present in the 
composite is equal to or greater than any single grab sample making up the composite. Therefore, 
if the entire composite or large subsamples are analyzed, the pollutant may be more easily 
detected (Gilbert 1987). A major question about compositing soil samples is whether or not they 
can be adequately mixed. The basic idea is that the composite sample will provide an accurate 
average value for the individual samples used to make up the composite. If the entire composite 
is used for analysis, there should be no problem with the concept. For many transuranic analyses, 
however, only a relatively small mass is used; therefore, a composite itself may be subsampled 
(aliquoted) at the chemical-analysis stage. Whether compositing is worthwhile, then, depends on 
how well the sample is, or can be, mixed. The hot-particle problem in plutonium analysis, 
suggests that compositing may not be very effective (Eberhart and Gilbert 1980). 

Composite sampling presents a problem for the radionuclide soil action level soil sampling 
protocol. Composite samples do not indicate the variance or information on extreme sample 
values. Therefore, small areas of elevated contaminants would not be identified by this method. 
Additionally, composite samples only provide an estimate of the mean soil concentration; 
therefore, the data do not allow a comparison to other percentiles of a distribution. For example, 
the mean concentration for each radionuclide may be within the action levels; however, no 
information is available to determine the fraction of the contaminant distribution that is above the 
action levels and potential hot spots are not identified. 

4.1.7 Recommendations 

.A . original grab samples. . ,  

The recommended sample collection protocol for use in the soil action level project 
involves using profile sampling. The sample depth protocol recommendation assumes 
that soil ingestion and inhalation of resuspended contaminated soil are the dominant 
exposure pathways for the WETS. The use of a profile sampling methods allows for 
assessing the surface soil layer for comparison to the radionuclide soil action levels for 
these dominant exposure pathways. In addition, information fiom all soil profile layers 
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may be combined to provide average soil concentrations if additional pathways are 
detemiined to the important. The profile methd‘also provides valuable information that 
may apply to future actinide migration studies. Using the profile sampling method in areas 
that have been remediated also provides information for evaluating the effectiveness of the 
remedial process and could be used to evaluate surrogate radionuclide ratios as described 
in Section 4.8. ~ * .  

The profile sampling method provides valuable inforpution to determine if the sampling 
method is required for other remediated sites. For exakple, the profile data from a 
particular remedial area may indicate that the remediation process results in a mixed 
residual contamination zone in the soil so that the profile method is no longer required. In 
this instance, sampling for remediated areas may revert to Sampling3 the entire upper 20 cm 
of soil. , ’  

RAC recommends that profile sampling be conduct 
be consistent with the resuspension model paramete 

.I 

1 .  

oil depth intervals of 0-3-cm to 
to develop thc soil action levels. 

RAC recommends that soil samples not be composited for the Soil‘action levels &dy. 
Composituig soil samples eliminates information necessary to determine if small areas of 
elevated contamination are present in the survey unit.’ Therefore,’ the individual soil 
samples should be analyzed for their radionuclide contaminants. 

1 2 <  

4.2 Sampling Design Selection 

Several sampling designs are available that could be applied to the sampling protocol. These 
methods iiiclude random sampling, stratified random sampling, and systematic sampling using 
either composited samples or individual samples. These methods are discussed in detail in 
standard statistical texts, such as Gilbert (1987), and in EPA guidance (EPA 1991). The aim of 
sampling is usually to characterize a defined area, to identi@ ‘unsuspected hot spots, and to 
demonstrate, as far as practicable, that those parts of the site believed to be less than the soil action 

- levels are in fact less than the action’levels. Sampling designs are summarized in the following 
_ _  - - -:- - _ L A  - _ _  - -  -~ - - - _  - _ _  ~ 

~ sections. 

4.2.1 Random Sampling 

Simple random sampling is the arbitrary collection of samples within defined boundaries of 
the survey unit. Random sample locations are chosen using a random selection process. The 
arbitrary selection of sampling points requires each sampling point to be selected independent of 
the location of all other points, and results in all locations within the area of concem have an equal 
chance of being selected. Randomization is necessary to make probability or confidence statements 
about the sampling results. Random sampling tends to produce uneven sampling, such that large 
areas may not contain a sampling point. Thus, random sampling does not ensure adequate coverage 
of the unit to be sampled and also is not efficient in identifying hot spot areas. Figure 4-2 provides 
an example of a simple random sampling pattern. 

Draft Final Risk Assessment Corporation ~ 

“Setung the standard in environmental health” 



26 The Rocky Flats Soil Action Level Independent Review 
Task 6: Sampling Protocol Recommendations 

0 0 
e 0 0 

0 0 0 

0 
0 

0 

0 e 0 
0 

0 0 

0 e 
0 0 

1 . 1  1 . 1  I 01 

0 

. .  

r ,  , ' . .  

. . . 

. 

'.. 1 

. -  . 

.I . 

Figure 4-2. Example of- a simple random 
sampling pattern with 25 sampling points. 

4.2.2. Stratified Random Sampling 

Stratified random sampling relies on prior analytical data to divide the sampling unit into 
smaller areas called strata. Each sampling strata is more homogeneous than the sample as a 

q 
i 

whole. Strata can be defined based on various factors, including sampling depth, contaminant 
concentration levels, and contaminant source areas. Stratified random sampling is a useful and 
flexible design for estimating the pollutant concentration within each depth interval or area of 
concern. The use of a stratified design for the area of concern is not needed because the use of the 
survey unit concept (Section 4.6) delineates the contamination area so that heterogeneity is 
controlled. Figure 4-3 provides an example of a stratified random sampling pattern. 

l 

e 

Figure 4-3. Example of a stratified random sampling 
pattern-1 sampling point per stratum (point located 
randomly within each stratum) with 12 sample points. 

. .  
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4.2.3 Systematic Sampling 
r 

Systematic grid sampling involves subdividing the area of concern by using a square or 
triangular grid and collecting samples from the nodes (intersections of the grid lines). The origin 
and direction for placing the grid is selected using an initial random point. Fromathat point, the 
coordinate axis and grid are constructed over the whole survey unit. The distance between 
sampling locations in the systematic grid is determined by the size of the area to be sampled and 
the number of samples to be collected. 

The recommended method of sampling for comparison to the soil action levels involves a 
systematic grid, with a random starting point as described in NRC (1997). This sampling process 
involves determining a uniform grid pattern over the survey unit. This sampling scheme is 
recommended to detect small areas of elevated contamination (i.e., hot spots-see discussion in 
Section 4.7), and the random starting point of the grid provides an unbiased method of obtaiiing 
measurement locations to be used in statistical tests. 

By using a systematic grid, the size of a small area of elevated contamination (i.e., hot spots) 
that could potentially be missed by soil sampling can be easily calculated. Section 4.7 provides 
further discussion on identifLing small areas of elevated activity. Systematic grid sampling, with 
a random starting point, is the final status survey method for soil sampling recommended by the 
MARSSIM. Therefore, use of this grid system would allow for the MARSSIM approach to be 
applied to the radionuclide soil action level study. However, using this grid does not confine the 
analyst to the use of the MARSSIM statistical analyses; other statistical techniques may be used 
to assess the soil action levels based upon the data obtained by this method. 

Systematic sampling is usually easier to implement under field conditions than are simple 
random or stratified random sampling plans. Systematic sampling provides for a uniform 
coverage of the target population that, in many cases, will yield more accurate estimates of mean 
concentrations. However, if the process being measured follows unsuspected periodicities over 
time and/or space, systematic sampling can give misleading and biased estimates of the 
population mean. Another problem with systematic sampling is the difficulty of obtaining an 
accurate estimate of the sampling error of the estimated mean unless the population is in random 
order (Gilbert 1987). A further discussion on spatially correlated data is provided in 
Section 4.3.3. 

Gilbert (1987) provides a discussion on systematic grid sampling and the.design of sampling 
grids. Gilbert (1987) provides methods for designing the sampling grids of aligned square grids, 
central aligned square grids, unaligned grid patterns, and the triangular systematic grid. These 
systematic sampling grid patterns are shown in Figure 4-4. 

The simplest systematic designs for sampling an area are the aligned and central aligned 
square grids. To determine the population units to be sampled for the aligned grid, first the 
distance between grid lines is chosen. Then two random coordinate numbers are drawn to fix the 
location of point A. The remaining grid points are then fixed by the prespecified grid spacing. 
Deliberately placing point A at the center of the square results in the central aligned square grid 

The unaligned grid pattern can be used to guard against bias in the estimated mean because 
of unsuspected periodicities over space. Gilbert (1987) notes that studies documented in 
Quenouiile (1949) and Das (1950) suggest that this design is superior to both the square grid and 

(Gilbert 1987). I 
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stratified random sampling at least for some simple spatial correlation functions. The importance 
.of spatial correlation is discussed in Section 4.3. 

. .  
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Figure 4-4. Systematic designs for sampling in space (Gilbert 1987). 

' The sampling locations for the unaligned grid are determined first by selecting a point A at 
random. The x-coordinate at point A is then used with three new random y-coordinates to 
determine points B, C, and D. The y-coordinate of A is then used with two new random x- 
coordinates to locate points E and I. The x-coordinate of E and the y-coordinate of B are then 
Used as the coordinates of point F. Similarly, the x- and y-coordinates of E and C, respectively, 
are the x- and y-coordinates of point G, and so on, for the remaining cells. 

'- The triangular grid system is a variation on the aligned square grid. After a random point A 
is chosen, the other sampling points are fixed by the imposed triangular arrangement. Gilbert 
(1987) notes that studies documented in McBratney et al. (1981) suggest the triangular grid is 
slightly superior to the square grid if the spatial correlation structure varies with direction. 

The number of samples (n) required for the assessment (discussed in Section 4.5) is used to 
determine the spacing, L, of a systematic grid pattern by 

7 

- 1  

7 , .  

for a triangular grid 
0.866 n (4-2) 
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I (4-3) 

here A - isthe kea  of the surirey unit. 

, $  

C recommends that a systematic ‘grid sampling design with a rando 
implemented for the final sfatus survey. A systematic grid is reco 

coverage of the survey unit, whereas a random design can result i 
the final status survey. In addition, this sampling design ensures full 

pling and ’large &eas of the survey unit may not be sampled. 
s i p s  should be evaluated during the DQO process to 

patial cohelations exist in the survey area. When spatial correlations exist, triangular-or 
unaligned grid systems should be considered to reduce bias in the estimate of the mean. 

4.3 STATISTICAL CONCEPTS 

This section discusses statistical methods and concepts for use in the soil action levels 
project. Statistical analyses (or tests) are typically classified into two major categories: 
.( 1) parametric statistics and (2) non-parametric statistics. These categories of statistical analyses 
are described in the following sections. Specific emphasis is placed on problems that have been 
identified by the Radiation Advisory Committee of the Science Advisory Board (SAB 1997) with 
the NRC (1997) statistical approach and selecting a statistical parameter for comparison to the 

5 soil action levels. 

4.3.1 Descriptive Measures for Comparison to the Soil Action Levels 
Ii 

The parameter of interest is a descriptive measure that specifies the characteristic or attribute 
-of the residual contamination in the survey unit. The following descriptive measures can be used 
for comparison to the-soil-action levels: = ---A*%- , ~ ~ 

- _  -= ,----__- ~r 

~ 

.g. Maximum observed concentration 
95 percentile (i.e., the value below which 95% of actual values lie) or some other 
percentile 
Median of the observed concentrations 
Mean of the observed concentrations 

Y 

i 95% upper confidence limit of the arithmetic mean. .,I. 

“C 

The use of the maximum observed concentration or the 95 percentile for comparison to the 
soil action levels is not considered necessary. These descriptive measures are typically used when 
limited data are available and the sample size is small. 

The median as a descriptive measure for comparison to the soil action levels is also not 
considered an appropriate parameter. The MARSSIM (NRC 1997) recommends non-parametric 
tests that are based on the median of the sample data. The median is equal to the mean when the 
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distribution is symmetrical (Le., not skewed). However, environmental data, such as soil samples, 
often present data distributions that are skewed to higher concentration values; thus, the median is 
less than the mean. 

The use of the mean as a descriptive measure for comparison to the soil action levels cannot 
be justified because it is not possible from any site investigation to know the true mean, which is 
the appropriate parameter. 

SAB (1997) notes that the target statistic for any exposure assessment should be the 
arithmetic mean concentration for a defined area, together with the uncertainty associated with 
. @e . 3f estimate of the.mean. S A B  (1997) also,states that ,"model assumptions that use a uniformly 

buted source term .do' so as a sukogate for the arithmetic mean of a heterogeneously 
in*t. If one hypothetically homogenized a heterogeneously contaminated area 
rm contamination, the value of the uniform contamination would be equal to 

of the heterogeneously contaminated system." The SAB emphasizes that for 
g exposure as well as estimating exposure from a defined area, the target 
be the arihqetic mean, regardless of whether the underlying distribution 

ewed. The 95% upper confidence limit is employed rather than the observed 
certainties in the estimatedmean. 

3.2 Parametric Statistical Analyses 

~, , P q e t r i c  statistical analyses require information on the distribution of the contaminant 
(e.g.,*"normal or lognormal distribution). Generally, the tests are based upon normally distributed 

ts, or the data may be transformed to approximate a normal distribution. 
Environmental data typically are not normally distributed and often are lognormally distributed. 
n e  lognormality of the data requires transformation of the data to approximate a normal 
distribution. 

Most of the common standard statistical methods are based upon the assumption that the 
data are normally distributed. If it can be demonstrated that the data are normally distributed and 
there are a sufficient number of results to support a decision concerning the survey unit, 
parametric tests will generally require fewer measurements to support a decision concerning the 
survey unit: However, tests that demonstrate the data are normally distributed generally require 
more measurements than non-parametric tests. The EPA provides guidance on selecting and 
performing statistical tests to demonstrate that data are normally distributed (EPA 1996). 
Guidance is also available for performing parametric statistical tests (EPA 1989, 1994b, 1996). 

Common parametric statistical tests include the Students t Test (EPA 1996), t Test applied to 
logarithms (EPA 1996), minimum variance unbiased estimator for lognormal mean (Gilbert 
1987), and the 2-Sample Quantile Test (EPA 1994b). EPA (1989) provides a complete discussion 
of the use of parametric statistics for testing if a survey unit soil concentration is less than the 
action levels using the mean or percentiles for random, stratified, or systematic sampling. 

I_ .'*$ , 

4.3.3 Non-parametric Statistical Analyses 

Non-parametric, or distribution-free, statistical analyses can be used when the underlying 
distribution is either unknown or nonnormal. The validity of non-parametric techniques does not 
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depend on the data being drawn from any particular distribution. The MARSSIM recommends 
I 
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:the use’. of non-parametric statistical tests for evaluating ’environmental data. There are two 
reasons for this recommendation: (1) environmental data are usually not normally distributed and 
(2) there are often-a significant number of qualitative survey results (e.g., less than the minimum 

ntration). Either one of hese reasons means that parametric statistical tests may 
riate.. However, the MARSSIM also recommends the use of parametric statistical 

resented in the! MARSSIM guidance consist of the 
ilcoxon Ra& Sum test and gn test. The Wilcoxon Rank Sum and Sign tests are designed 
*determine wliether 1 the le residual radioactivity uniformly distributed throughout the 

unit exceedsithe soil ahion levels. Because these mehods ased on ranks, the results 
e generally expressed in terms of the median. When the under istribution is symmetric, 

the mean is equal to the median. When the underlying distribution is not symmetric, thesettests 
e .still true ’tests of the median but only approximate tests of the mean. If the measurement 

ewed to the‘right, the average will-generally be greater than the median. In 
e average may exceed the soil action levels while the median does not. The reader 
e’ MARSSIM.guidance for detailed discussions on the Wilcoxon Rank Sum and 

Sign tests. A brief description of these non-parametric tests follows. 
The Wilcoxon Rank Sum test is a two-sample test that compares the distribution of a set of 

measurements in a survey unit to that of a set of measurements in a background reference area. 
The test is performed by first adding the value of the radionuclide soil action level to each 
measurement in the reference area (i.e., background soil concentrations). The combined set of 
survey unit data and adjusted reference area data are listed, or ranked, in increasing numerical 
order. If the ranks of the adjusted reference site measurements are significantly higher than the 
ranks in the survey unit measurements, the survey unit demonstrates compliance with theaction 

The Sign test is a one-sample test that compares the distribution of a set of measurements in 
ey unit to a fixed value, namely the radionuclide soil action level. The Sign test is used if 

radionuclide contaminants of interest do not occur in background or the background levels are 
b to be a small fraction of the radionuclide soil action levels (e.g., 40%). A discussion on 

background radionuclide soil ‘concentrations for the Rocky Flats environment is provided in 
Section 4.4. First, the value of each measurement in the survey unit is subtracted from the 
radionuclide‘soilaction Ikvel. The resulting distribution-is tested to determine if the center-of the- 
distribution is greater than zero. If the adjusted distribution is significantly greater than zero, the 

The Radiation Advisory Committee of the Science Advisory Board perfonned a review of 
e MARSSIM methodology (SAB 1997). The Science Advisory Board noted in their review that 

the recommended non-parametric statistical methods in the MARSSIM (NRC 1997) would not 
perform well with markedly asymmetric (skewed) distributions. The Science Advisory Board 
also noted that the target statistic for any exposure assessment should be the arithmetic mean 
concentration for a defined area, together with the uncertainty associated with the estimate of the 
mean. For a normally distributed population, the mean and the median are identical in value. 
However, when the distribution of sample evidence is moderately to highly skewed, then the non- 
parametric statistical techniques recommended by the MARSSIM cannot be used to determine 
the uncertainty associated with the estimate of the arithmetic mean, and the median of such a 
sample set will underestimate the true arithmetic mean of the surface soil contamination. 
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tests when the underlying assumptions ired for these tests can be verified. ‘ - 
i The non-parametric statistical te 

_ _  ~ 

urvey unit demonstrates compliance with the action level. 
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. L >_. - . 

... SAB,(1997) proyides . F o  techniques +at allow for estimating the:me+ and an estimate of 
. .  -the uncertainty about the me?, ,The, :Sc.ience Advisory Board suggests that the Sign test used in 
.NRC . . , .  ‘.‘(.1997) be rqplaced ,by.usbg a ~ r e s ~ p l i q g ? ~ o r  ‘cboo.tstrap”.estimator for the distribution.of 
the qifhmefic .mean: . $bon,,and ... :Tibshirani 1998).;Bootstrapping is a process that generates a 

. . series of estimates. .for,.the.mW .of a:-di&ibution by repeatedly resampling from the actual. set of 
measured values and -$en analyzes.- &os$ .means with standard statistical techniques. .Such an 

‘.approach. i s  .strai&tfoFard;,we simply. perform a large, number (e.g., K = 1000) of. iterations in 
..which _. we reseple,..with- replacement, from the, original N -sample values (sample values can 
Occq.more thq.0n.w in each resaypling) . qd  calculate,the mew of each iteration. For exaniple, 

, i fN .= lO,.~e,,original,,s,pple~might be,2,3, 3,2, 6;4, 6, 3,4,4,.which has a mean of 3.9. The 
first resampl~g~might,-yield~5;.?,.,6, 3,-3, -5,2, 2, 2,4 for a mean of 3.6. Additional resamplings 
would yield, other.-means, bpth.,above.and below, 3.9. Depending on.the skew of the original data 

. - .a~~d,@e number ofitera$jons,,the.grand mew’of ,the-res+mpling might;be, higher.or lower than 3.9, 
~ & d  researchers could.also.obtain. an esthate. of  .the, uncertainty.about that grand mean. The. 50th 
.lzygest,mean value from.*e; 1000 altekative realizations (0f.a sample of.size N = 10) would be 

’ .. .equal . to the upper 95.* .percentile .of.the true but unknown arithmetic mean. This 95th percentile 
value on the arithmetic mean,must be less’than th.e,.soil ,action level in .order to declare the site 

. .!+. :., SAB,(1~997), also recommendqa Bayesian analysis. .The Science Advisory Board states that 
,in .,(Some .ca.ses;.;the contamination .data svil1,;not :represent a truly random sample of the 
environment [(e.g.,. da@.for hot spot samples). . Such information can still be useful, but prior 
,information .about, the, sapple’s ..properties .is needed, leading to a Bayesian view of hypothesis 
testing: w e n  data are. only,partially representative of a remediated site because they are not 
taken .from’ a randomized .design .or they do not conform precisely to the same spatial and 
temporal scales as those upon which the soil action levels are based, then classical statistical 

, techniques are of .limited. use . in. determining the uncertainty about the true but unknown 
.arithmetic mew concentration .for that site. SAB (1997) notes that under these circumstances, 
-approaches ,based. on Bayesian., statistics, may be advantageous. Bayesian statistics permit the 
.. explicitiuse. of expert judgment .to account for the inherent possibility of flaws and biases in the 
.data. The-Tesult &.that .a credibility (or subjective confidence) interval can be obtained about the 
.arithmetic mew ,(or any desired quantile) of the true but unknown distribution of soil 
Concentration .for both-.*e. remediated site and any reference site (Le., background area). These 

.,credibility intervals form the be is  upon which subsequent decisions are made. 
The selection of statistical methods for comparing the mean soil concentrations and 

associated- upper confidence .interval to .the soil action levels involves many decisions, and 
knowledge . of :the contaminant distributions .and. spatial correlations. Therefore, selecting a 
-statistical method is not recommendedh this report. Selecting a-statistical test must be performed 
during,the DQO process: Statistical techniques reviewed in this section. can be used for the soil 
:action level.project; however, caution must be employed to ensure that the test will compare the 
.mean soil concentrations at the-95% upper confidence interval to the soil action levels. 

4.3.4 Correlated Data .. 

. 

. .  

.. .. . . . .  . , , .  . .  ;safe.fqr.release. , ; < .  . 

. 

’ 

. *  .- . 

.. . . 

Special consideration must be given to spatially correlated data when using systematic 
sampling. In practice, a spatial correlation may be present so that part of the information 
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contained in-one measurement is also in other measurements taken close by in space. One 
disadvantage of a systematic grid, with a random starting point, is that any pronounced trend in 
the population will result in a substantial re tion in the accuracy of the estimated population 
mean. 

The periodic features of a population should be known before systematic sampling is 

I 

$adopted. In-general, if a contaminant comes from .a point source, concentrations will usually 
ecrease with .distance from the source. .This relationship has been identified for the 903 Pad 

contamination, with plutonium concentrations decreasing with increasing distances from thet903 
Pad. However, sit is dificult to predict how the correlation structure will change after remediation 
of a given area,and with different remedial methods. For example, contamination that is spatially 
correlated before remediation may effectively be randomly mixed after cleanup of contaminated 
soil-from highsontapination areas has been removed. In addition, depending on the selected size 
f a  survey unit (Section 4.6), the correlation may not be statistically significant for small survey 
nits. The radionuclide contamination varies considerably across the site, such that some survey 

units may not show a correlation between measurements and may present a random pattern. This 
is difficult to predict without prior knowledge of the survey unit :sizes, orientation of bthe survey 

:unit on the site, and knowledge of remedial methods used in the survey unit. Methods are 
vailable for -improving the estimate of the mean using a systematic sample when spatial 
orrelations are e reader is referred to Gilbert (1987) for a discussion of these 

4.3.5 Null Hypothesis 

The probability of making a decision error, such as releasing a site that is actually above the 
soil action levels, can be controlled by I adopting an approach called hypothesis testing. In 
hypothesis testing we begin by making a tentative assumption about a population parameter. This 
tentative assumption is called the null hypothesis and is denoted by G. We then define another 
hypothesis, , called the alternative hypothesis, which is the opposite of what is stated in the null 
hypothesis. This alternative hypothesis is denoted by Ha The hypothesis testing procedure 
involves using data from a sample to test the two competing statements indicated by Ho and Ha. 

c ,  : Let denote the; specific numerical value of the population mean being considered in the -- - = -- e._= - -4 __I 

- - - _  ive -hypotheses;- In- general,- a -hypothesis test- concerning-.the values -of the -~ 
population mean p must take one of the following three forms: 

-I-&,: p I RSAL I-&-,: p = RSAL 
Ha: p >  RSAL Ha: p# RSAL . 

1 - /  

In many situations, the choice of Ho and Ha is not obvious. In such cases, judgment on the 
part of the user is needed to select the proper form of I-&-, and H,. However, as the above 
example forms show, the equality part of the expression (either 2, I, or =) always appears in the 
null hypothesis. In selecting the proper form of H, and Ha, we must keep in mind that the 
alternative hypothesis is what the sampling study is attempting to establish. Thus, asking whether 
the user is looking for evidence to support p < SAL, p > SAL, or p # SAL will help determine 
Ha 
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R4C recommends. the following null and alternative hypotheses .for.the .soil %action .'level : % :  

. . . .  . . .  ........ . . .  . . . . .  ... . . . . . . . . .  ..... ' _  .: . : . .  

. . .  . . .  . . . . .  . . .  . . . . . .  . .  .. '... ; ..,.. .i ' *  . .  I ;. \':i . . . .  . . . .  
. -  I , ::. -project: . . . I .  .: . 

. , "  . . -  . .  
. .  

. .  . .  
. .  Ho: p 2 SAL and Ha: p < SAL . . 

'. ' .  Them11 hypothesis as stated.:above assumes that the survey unit is contaminated above (or 
'equal) to the action level; thus, the statistical analysis must prove that this assumption-is not true. 
'If.the statistical analysis provides evidence that the null.hypothesis is not true, then we accept the 
alternative hypothesis that the survey unit soil concentrations are.less than the .soil action levels. 

:the ienvironnient .as .well as consistent with current methods used :for. demonstratihg:compliGce 
-.with regulations. ,The'EPA, .NRC, &d, DOE have .adopted the use 'of this null hypothesis in the 
~MAR!XIM ' for satistical analysis of: contaminated sites. The EPA has ;also provided null 
,.hypotheses .stated in .this m h e r :  in their-soil cleatiup.:&dards document .@PA 1989). 'It is 
:acknowledged ,that site contamination conditions;.'such as .lack of-,measurement techniques with 
' appropriate detection sensitivities, may :preclude .the ..use -of the null hypothesis that ;the .Survey 
-unit is alssumeifto be contaminated::Another. problem arises w ~ e n  .there is a high variability in 
:background concentrations-;. of the radionuclides. :.When the background concentrations (see 
Section 4.4) are near the.'proposed soil action levels; it becomes difficult to distinguish between 
background and contamination concentrations. This does not appear to be the case at the WETS. 
However, NUREG-1505 (NRC 199Sb) provides guidance if this situation is encountered. 

4.3.6 False Positive and Negative . _  Rates 

A Type I decision error occurs when the null hypothesis is rejected when it is true; it is 
referred .to as a false positive -error;,A .false .positive'error would result in the release of a survey 
unit containing residual radioactivity above the action levels. The probability of making a Type I 
decision error, or the' level of significance, is'denoted by alpha (a). Alpha reflects the, amount of 
evidence' the 'decision-maker would -like, to see before abandoning the null hypothesis; it is also 

A' Type I1 decision error occurs when the null hypothesis is accepted when it is false; it is 
referred to as a-false negative error. A false negative error would result in either unnecessary cost 
because of remediation of survey Units .that are below the release criterion or additional survey 
activities to demonstrate compliance. The probability of making a Type I1 decision error is 
denoted by beta (p). The term (l-p).is the'probabi1ity.of rejecting the null hypothesis when it is 
false; it is also referred to as the power of the test. . : .' 

Table 4-1 provides an explanation of false positive and false negative conclusions based on 
our proposed null and alternative hypotheses: ' : .. 

. . . .  . . .  . . . . . . . .  . ... . . .  . . .  .. . : . . .  . !  !. . -. . :-<;; :. ,:, ,:; 
.i ~. 

. .  

. . ' l e . .  . m e  statement ofithe null hypothesis above is designed to be protective of human-healthand . 

. .  

. . .  referred to. the size of the test; . . .  t . .  

...... . I  . .  

. .  . . .  
. .  . .  

. .  
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.- ~ - 

False positive (Type I error) 

False negative (Type I1 

protection practice, risk esti s are derived based on a linear function of 
kiety of solid cancers (Nati search Council 1990). Therefore, a 10% 
ose resulk in a 10% %change in risk. This situation is quite different from 

one in which there is a threshold. In latter case, the risk associated with a decision 
error can be quite high, and low values o f a  should be selected. When the risk is linear 
and without a threshold, muchz values of a at the action levels might be 

survey design results in smaller decision 
ion levels. False positives will tend to be 
y units, resulting in approximately equal 

I olute precision. The 
- -  u - _  

= - _ _  - -. 
in converting d a e -  - 

lue o f a  that could 
e, the magnitude, 

significance, and potential consequences of decision errors at values above the action 
levels would be prospectively addressed as part of the DQO process. . - 1  1' 

The risk of maki second type .of decision error, p, is the risk of requiring 
additional remediat en a suwey unit already meets the release criterion. Unlike the 
health risk, the cost associated with 'this type of error may be highly nonlinear. There 
may be a threshold below which the remediation cost rises rapidly. This is primarily a 
concern for survey units - .  that are near the action levels. For survey units that are very 
lightly contaminated or have been thoroughly remediated so that any residual 
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contamination is expected.to be far below the soil action levels, larger values ofp may 
be appropriate, especially if final status.survey sampling costs are a concern. . . - > .  , I :" .,. ., . _ _  . I. .,: . . .  . ,  . ,  , , . .  . . ~, . .  . .  . .  

, ~ . . _ . . .  I 

. .  . 
. I  . 

_ I  . .  . .  . .  
. .  _. . 

' j  , :  

4.3.7 Recommendations 
. .  

.!'.I _ .  ' 

. 0 . . .  ' As the previous. discussion indicates, selecting the statistical method to analyze fie .data 
in comparison to'the soil action levels invo1ves:many decisions. RAC recommends that 

. ;:the DQO .planning team include a statistician familiar with the WETS site and 
environmental statistical designs. 

. . - _ ,  , .  
. :.. >: . . . ' 

, \ .  . , ., I . , .  . _. . . .  , . .. . .  . ,  

. - 95% confidence interval be used for compaiison.to thesoil actiori'levels.' .'. .' . '? . ' 

RAC recommends that the arithmetic meaq and,its-'associated uncertainty:.at the upper 
. .  ,... .. I.,.. . 

. . , 
0 ..'RAC agrees with the.findings of S A B  (1997),$at the Wilcoxon Rank Sumand Sign tests 

. . . ' . .  . ' , " . <s.. recommend+.in NRC (1997) qe.tes+ of the median.'.The . :MAR!3SIM,(NRC e.. 1997) non- 
~ ,. I . p q h e t r i c  statistical tests should not ,be used . c  for .the soil action level, . .  study, . . .  .. becaee 

lye: ' bf s : .  &ti . iarqi i  .&stribition , . .  t0 .the . . -  ' ,soil ;acti,oq levels. 
:!ill , iot  . . be . ~ equal . to 

. .  

' .  these test compare the medi 
' When the distribution is no 
the mean. 

etrical (Le.,. skewed) 
'1. . .. I. - .  . .  

.~ . .  . *  . . .  . . .  . 
., ' 0 ' RAC does not,recommend a specific &&tical test for use in,comparing.the soil sample 

data to the soil action levels. RQC.believes that the DQO . .  process'is the best'mechanism 
for this selection process.'Initial. sampling results, or those obtained during remediation, 
should be evaluated to determine the potential .population distribution and ,attributes to 
ensure that the most appropriate 'statistical techniques &e employed. .It; is difftcult to 
predict the affect that remediation will have _ I \ .  in,  terms of' .changes in the present 
contamination attributes, . including depth distribution. Various . .  remediation strategies 
result in different changes in the conkmination, including mixing with depth, removal of 

. the higher contamination .areas, and typically' a reduction in . the . , ,:. .variance . of the 
contamination distribution. 

RAC cautions that spatial correlations could . impact . . , , .  *e accuracy of %e estimated mean 
using a systematic grid with a 'random starting point. Methods are available for 
improving the estimate of the mean using a systematic . _ . _ . ,  . , . . .  ::. simple,and : . . .  * .  the rea . 

to Gilbert (1987) for a discussion of these methods. , . 

. .  

. * . -  . .  
0 

. -  : I.. . _  .. 
+ .  . .  . : . . _ -  ' . .. 

: . _ .  -. I ., ~. 

, . , .  ..: 

. .  
, . . .  

4.4 Radionuclide Background 'Soil Concentrations .. 

. Background concentrations for the radionuclides .considered in the'soil action levels must be 
evaluated to deteimine their significance. As' discussed ,in Section .4.3.2, if the 'background 
radionuclide soil concentrations are less than -10% ofthe soil action levels ahd the soil sample 
d a h  distiibution is symmetric (i.e.;not skewed), then the non;p&etric 'bootstrapping can be 
used to test the upper 95% confidence interval of the mean from the sample distribution against 
the soil action levels. Appendix C of the Task .5 report (Killough et al.' 1999) contriins a detailed 
discussion on background plutonium in the environment. These data are summarized in the 
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following section along with background data for other radionuclides. The following discussion 
is provided to the RSALOP to develop an understanding of background soil concentrati0ns:of 
important radionu 

4.4.1 Background'Studies I 

es in the Rocky Flats environment. 

Background concentrations of plutonium isotopes are a result of weapons testing fallout and 
rator. Background studies. 

about 0 3  to 
lobal-fallout 

plutonium -in the Denver area using 24oPu:239Pu ktios. The CDPHE has identified several 
. remote locations thought to represent backglound'levels of239+24OPu. The 2 
for soils collected from these areas in 1989 using the Rocky Flats sampler 
2.84 Bq kg-1 (0.014 to 0.077 pCi g-I), with a mean of 1.23 Bq kg-1 (0.033 pCi g-1). Purtymun et 
al. (1990) studied the impact of global-fallout plutonium on remote areas in Southern Colorad-0- 
and Northern New Mexico. They showed that 239+24oPu activity collected from soils ranged 
from 0.04 to 2.99 Bq kg-1 (0.00 1 to 0.08 pCi g-l), with a mean of 1.13 Bq kg-l(O.03 1. pCi g-1). 
Litaor et al. (1 995) also presented background soil concentrations for the Colorado Front Range 
and the Eastern Plains referred to as the Whiting-1994 and EG&G-1989 data sets. These reports 
were indicated to be unpublishedrby Litaor et al. (199 and are'reproduced in Table 4-2, as 
provided in the published paper by Litaor et al. (1995). .Webb (1996) also estimated background 
239-240Pu in soil along the Front Range using 10 sampling sites and three sampling depths: 04 .3  
cm, 0-3 cm, and 0-21 cm. Plutonium-239,240 concentrations measured by Webb ranged from 
1.2 to 3.3 Bq kg-I. 

a1 Satellite containing a "8Pu power 

Table 4-2. Background Soil Concentrations of ?3????!)Pu in Soils of Colorado in Bq w' 
(Pci fir') 

Range 0.62-2.66 0.5 1-2.84 0.40-0.92 1.2-3.3 0.04-2.99 .% 

(0.0 17-0.072) (0.0 144.077) 0.0 1-0.02) (0.032-0.089) (0.00 1-0.08) 
a As reported in Litaor et al. (1995). 

Unpublished data. Rocky Flats, Golden, CO 80402-0464. 
0-3 cm layer. 

Background concentrations of 241Am are also a result of weapons testing fallout. Hulse et ala 
(1999) evaluated background activity concentrations of241Am in 26 soil samples from depths of 
0 to 3 cm (Table 4-3). The resulting data were approximately lognormally distributed with a 
mean of 1.3 Bq kg-' (0.035 pCi g-I) and 95% sign confidence interval of 1.1 to 1.6 Bq kg-' (0.03 
to 0.04 pCi g-l). Depositions of 241Am in 0 to 21 cm soil columns at 20 background locations 
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were also approximately lognormally .distributed with a median.of .0;20 Bq kg-' .(O.OOS. :pCi g-1,) 
and 95% sign confidence-interval of 0.1 5 to 0.30 Bq kg-' (0.004 to 0.008 pCi 6). . . . ... i .: 

DOE (1995) reported that 241Am concentrations in 50 soil samples from depths of 0.to 51cm 
along Colorado's Front Range ranged from 0.04 to 0.9 Bq kg '  (0.001 to 0.024 pCi g-I), and that 
concentrations in similar samples from Rock Creek, north-northeast .'of.Rocky Flats, rangedfrom 
0.04 to 1.3 Bq kg-' (0.001 to 0.035 pCi a'). 

Table 4-3. Median and .95%, SignConfidence Intervals for. Concentrations and Depositions 
of 24lAm in Soil from 20 Regional ,Background Locations 'along Colorado's, Front Range'... 

. Measurement. . . '. I:. .- ' . . . :. ..; Median . .' . , 95% confidence..inierval. 1.. .-: 
0 to3  mmsoil fraction, .: :: : . , '  . '.. . :  . 1..1 (0.030) . . * , ' .0.8-1.7.(0.02-0.0~6) .~< ._ . .' 

'. 

. . .  , .  
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Concentrations of uranium isotopes are mostly from natural sources and vary depending on 
local . geologic and geochemical conditions. Litaor (1995) presented. .data compiled. on ..the 
background soil. concentrations of the uranium isotopes. Table 4-4 presents .the background data 
compiled by Litaor (1995) for the United States average, Colorado, and Rock Creek near Rocky 
Flats. 

Table 4-4. Background Activities of Uranium Isotopes in Soil (Litaor 1995) 
Number of Range Arithmetic mean and standcd 

Uranium isotopes samples Bq kg-1 (pCi g-1) deviation 
tY S averagea 

Coloradoa 

Rock Creekb 

Uranium-238 355 4.4-140 (0.12-3.8) 37.0 f 30.7 (1.0 f 0.83) 

Uranium 238 32 17.3-1 11 (0.47-3.0) 44.4 f 33.6 (1.2 f 0.91) 

Uranium-238 21 29.6-56 (0.8-1.5) 41.6 f 7.3 (1.1 f 2.0) 
Uranium-235 21 0.4-5 (0.01 1-0.124) 2.0 f 1.3 (0.054 f 0.035) 
Uranium-234 21 28.5-54 (0.77-1.4) 41.9 f 6.4 (1.13 f 0.17) 

a Statistics were taken from Myrick et al. (1983). 
b Statistics compiled from a Rock Creek study west of the Rocky Flats Plant considered 

unaffected by Rocky Flats Plant activity. 
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.3 9 

4.4.2 Recommendations 

These radionuclide background concentrations indicate that background could be 
excluded from the statistical analyses. The radionuclide background concentrations are 
near or below 1 pCi g-1. This would indicate that soil action levels for each radio 
at 10 pCi g-1 or higher could be statistically ev 
background. However, it must be noted that DOE and 
whether they can accept the, potential consequences 
considering background 

- A  

YP' . .  

There are' seve 
obtain a specified level of confidence in the esti 
from simple to more complex formulations. 
1997) guidance for determini 
Sum and Sign tests, and the re 
methods. Additional approache 
this section. 

referred to this document for further information on these 
ermine the required number of soil samples are provided in 

! i  J /  7 

4.5.1 Methods , I  

SAB (1997) presents an equation for the number of required samples for ensuring that 
sampling of a percentile, w of the distribution with some probability P (e.g., P = 0.95), the 
relevant equation for the required sample size N is 

" I  

Ln(1- P) 
Ln (0 1 

N =  
(4-4) 

I .  

The result of Equation (4-4) with P and w =  0.95 is 59 if we round up to the nearest integer. 
erefore, SAJ3 (1997) states that a sample size of about - 60 - - will nearly always be sufficient to 

characterize a survey unit. However, SAB (19G)does not provide a reference for this particular 
sample size equation, so further investigation into its validity was not possible. 

EPA (1989) presents a method for estimating' the required- number of samples for a 
systematic sampling design where the statistical parameter of. interest is ,th em. The sampling 
precision of an estimated mean from a systematic sample depends, on the -pattern of 
contamination at the site and how the systematic sample is constructed:However, EPA (1989) 
notes that the standard error of a mean based on a systematic sample will usually be comparable 
to or less than the standard error of a mean based on a,random.sample qf the same size. 
Therefore, using the sample size formulas for a random sample when the sample was collected 
systematically will generally error on the side of conservatism. The following equation is 
presented by EPA (1989): 
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where 
N =  
& ! =  
21-0 = 

21% - 
SAL = 

P1 = 

- 

. . : . .  ., ,. . ,. . .  

I 
. '  I 

. .  . .  number of soil samples 
standard deviation. 
critical value 'for the normal distribution with probability 1-p ' 

critical value for the normal distribution with probability 1-a ' . . 

soil action level 

. . _. . . .\ . . . .  . .  . .  
... . 

I .  

. .  . .  

. .  . . /  . 
' . . 

the value of p (i.e., the "true" but unknown me&.conta&&nt concentration.'across the ' 

sample area, or population . .  mean) . under ., . for.which '-\. ;: .;,. - . : : ~  a specified ' 

false negative rat? is to.be - .  . _  contrqlled . ... 1.. I ( ~ 1  . <.PI., . . . 

I 
the a1 . I  

. .  . .  . _ .  . :*: . 1 \.I , .' . .  . .+:I . ;. .. ' 

. .  , ! .  . .  I .  . . .  ; . . . ,' 

. White k d  Hakonson i(1979) 'investigated. . .  . the,s&tistjcal aspec&.of.&e . ( .  use . I .  ofthe .. coefficient , . {  

'of variation,,c, in the design of.environmenta1 plutonium 'studies, .The. number ., of . .observations, . . .  n, . 

required for acceptable results is .dependent on, (1) the .desired precision. of the estimate 
(confidence interval length) or the power of the test to be obtained and (2) the v&iqnce of.the 
data. Deming (1950) discusses how c can be used to determine the necessary sample size, n, 'to 
estimate a mean, x with some standard error y, when the standard error is expressed as a percent 
of the mean. Deming denotes y as the coefficient of variation of the estimate, that is 

'..' , ' 

..*. . I: . . -.. 
. .  .- , > -  

SE (z) y=- . x 

Without any knowledge of the mean, the sample 
standard error y is 

2 .=(:I . 

(4-6) 

size required to estimate the mean with 

(4-7) 

From this equation, we can see that n increases as the square of c, or that as c doubles, n 

soil and reported coefficients of variation for Microplot 1 and 2 from the Little (1976) study of 
2.7 and 8.4, respectively. 

4.5.2 Variability of the Radionuclide Concentrations 

quadruples. White and Hakonson (1979) evaluated the variability of plutonium concentrations in ! 
i 
I I In general, most equations for the determination of sample size require an initial estimate of 

the variability for the soil measurements within the survey unit. Therefore, an estimate of the 
standard deviation, a, variance, 9, or coeficient of variation, c = dp, of the contamination 
distribution must be obtained. Unfortunately, the standard deviation is usually unknown and must 
be estimated for the purpose of determining the sample size. In practice, the estimate of CT is 
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either obtained from past sampling data or by conducting a small preliminary. investigation in%he 
survey unit of interest. 

\ *. 

4.6 Classification and Identification of Survey Unit 
I <  > + 1 -  : !,, 

All areas of the WETS site will not have the same potential for contaminatio 
therefore, will not need the same level of investigation to achieve the soil actionblevels. The final 
verification surveys will be more efficient if the surveys are designed so that are& with a higher 
potential for contamination receive a higher degree of i 
(1 997). 

The h4ARSSIM (NRC 4997) provides classifications 
contamination exceeding the respective soil action levels. Contamination areas must be classified 
to determine the appropriate survey unit size. Survey unit sizes are-discussed in the Section.4.6:a. 
-The MARSSIM classification 

4.6.1 Class 1 Area 

' I  - . ,  . 

t i  

Class 1 areas have, or had before remediation, a potential for radioactive contamination 
(based on site operating history) or known contamination (based on previous radiological 
surveys). Areas containing contamination in excess of the action levels before. remediation are 
classified as Class 1 areas. Examples of Class 1 areas include (a) site areas'previously subjected 
to remedial actions, (b) locations where leaks or spills are known to have'occurred, (c) former 
burial or disposal sites, and (d) waste storage areas. 

4.6.2 Class 2 Area 

Class 2 areas have, or had before remediation, a potential for radioactive contamination or 
known contamination but are not expected to exceed the action levels. To justify changing an 
area's classification from Class 1 to Class 2, the existing data from scoping or characterization 
surveys should provide a high degree of confidence that no individual measurement would 
exceed the action levels. Examples of areas that might be classified as Class 2 for the final status 
surveys include (a) -potentially contamin transport routes, (b) areas downwind from stack 
release points, and (c) areas on the perimeter of former contaminationcontfol-aFeK-=- -*-: I-----= _ -  --- - 

4.6.3 Class 3 Area 

- -  _ _  --- - ~ 

- 

Class 3 areas are any impacted areas that are not expected to contain-any residual 
radioactivity or are expected to contain levels of residual radioactivity at a small fraction of the 
action levels based on site operating history and previous radiological surveys. Examples of areas 
that might be classified as Class 3 include buffer zones around Class 1 or Class 2 areas and areas 
with very low potential for residual contamination but insufficient information to justify a 
nonimpacted classification. 
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4.6.4 Identification of Survey Units 

A survey unit is a physical area consisting of land areas of specified size and shape for 
which a separate decision will be made aq to whether that area exceeds the soil action levels. The 
survey unit is the primary entity for demonstrating compliance with the release criterion (NRC 
1997). 

To facilitate survey design and ensure the number of survey data points for a site are 
relatively uniformly distributed among areas of similar contamination potential, the site is divided 
into survey units. The survey units share a common history and/or other characteristics or are 
naturally distinguishable from other portions of the site. Dividing the site into survey units is 
critical only for the final status (verification) survey; scoping, characterization, sand- remedial 
action support surveys may be performed without dividing the site into survey units. 

1 .Based upon NRC (1997), survey units should be limited in size based on classification, 
exposure pathways modeling assumptions, and site-specific conditions.. Table 4-5 contains the 
suggested areas for survey units given in the MARSSIM (NRC 1997) guidance. 

. I  

i 
1 

i 
I 
i 
I 

i 

1 
I 

Table 4-5. Survey Unit Suggested Areas (NRC 1997) 
Classification MARSSIM-suggested area 

Up to 2,000 mz 
2,000 to ~O,OOO m2 

Class 1-land areas 
Class 2-land areas 
Class 3-land areas No limit 

The equations for the number of samples needed for a survey unit are typically based on the 
variance of the contamination within a survey unit and do not consider the size (Le., area) of the 
survey unit. Therefore, the limitation on survey unit size for Class 1 and 2 areas ensures that each 
area is assigned an adequate number of sample points. The limitations on survey unit size 
provided by NRC (1997) are only suggested values. The DQO process should consider additional 
factors for delineating survey units, including areas of remediation as survey unit boundaries. 

Several considerations are associated with defining survey units, for example: 

1. Multiple survey units should be specified for the WETS. These areas should be defined 
so that they are as homogeneous as possible with respect to radionuclide concentrations. 

2. Survey units should also be defined according to potential contamination events. For 
example, areas identified by Litaor (1995) that contain uranium contamination, such as 
from the east spray fields (see Section 4.1.3), should be identified as separate survey 
units from areas that were not contaminated by uranium. 

3. The WETS will contain areas that require remediation and others areas that do-not 
require remediation. Areas that have been remediated should not be combined with areas 
that have not been remediated in the same survey unit. In addition, areas that have 
undergone different remediation techniques, for example removal versus mixing, should 
also not be combined in the same survey unit. 
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4.6.5 Recommendations 

0 RAC recommends that the MARSSIM classification scheme and limitations on survey 
unit size be used for the final status survey. 

4.7 Small Areas of Elevated Activity (Hot Spots) . 1 

., 
The use of systematic grid, with a random starting point, for soil sampling.provides 

determine the upper 95% confidence interval of the mean for comparison to the soil action levels. 
Soil sampling with a systematic sampling grid may not successfblly identify 
elevated contamin n. Instead, soil sampling on a systematic grid, along 
detection instrume ion, &e recommended to obtain adeq 
elevated radioactivity (Le., hot spots) are identifi 

4.7.1 Definitions and Detection Methods 
I \ I  

The RSALOP and RAC have been involved in discussions, dealing with hot spot'definitions 
and methods to ensure that acceptable radionuclide soil concentrations are attained at the WETS. 
The RSALOP has developed the following hot spot definition: 

A hot spot is the location where any sample (or combination of samples) taken when 
following a prescribed sampling protocol that results in a radionuclide soil concentration 
exceeding the soil action level. 

The RSALOP has also developed the following supporting statements in regard to hot spots: 

If a hot spot is found to exist, it should be evaluated to determine if action is required. 

1. Hot spots with areas equal to or greater than 100 m2 must be remediated if the 95% 
upper confidence limit of the arithmetic mean soil concentrations, calculated from 
sample data taken in the hot spot, exceeds the soil action levels. The arithmetic mean 
is calculated by simple averaging of the soil- concentrafions in th 
the hot spot encompasses the entire averaging area of 100 m2.- 

- - - _  

- - -  - _ I - - _  

2. Remediation is required for hot spots with areas less than 100 m2 when the area 
weighted arithmetic mean soil concentrations at the 95% upper confidence interval 
for the hot spot, when summed with the area weighted mean (95% confidence 
interval) of the soil concentration in the remaining 100 m2 area (or as an alternative, 
the averaging area for the residential scenario), exceeds the soil action levels. The 
area weighted arithmetic means are used for this case (Le., hot spot area < 100 m2) 
because the hot spot area does not encompass the entire averaging area of 100 m2. 

It is reasonable to assume that a hot spot(s) can exist within a defined area and the dose 
criteria for the area will still be met. 
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The RSALOP may wish to establish soil action levels that if exceeded, must be 
remediated regardless of the results from averaging discussed above. The alternative 
action levels will ensure that small hot spots (i.e., < 25 m2) do not contain unacceptable 
radionuclide soil concentrations regardless of the results of area averaging. 

Identification of a hot spot, according to the above definition, requires that DOE and their 
site contractor, Kaiser-Hill Company, conduct additional investigations of hot spots. This can be 
accomplished by additional soil sampling or in situ gamma spectroscopy techniques (see the 
following section on surrogate measurements). The size of the hot spot must be delineated and 
the average radionuclide soil concentrations determined. Averaging of the hot spot over a 100 m2 
area was hnsidered by the RSALOP to be consistent with future residential use of the land and 
’to be protective of children that may be exposed to these hot spot in residential backyards. 

The RSALOP has conducted a workshop on instrumentation for the detection of 
radionuclides in the Rocky Flats environment and is aware of methods and techniques available 
for use in the soil action level study. At Rocky Flats, the use of in situ gamma-ray spectroscopy 
measurements, which employ high-energy resolution germanium gamma-ray detectors, can used 
to ‘identify ‘areas of elevated soil contamination. The use of in situ gamma-ray measurements is 
recommended by RAC for identifLing hot spots that may potentially be located between the soil 
sample locations. It should be noted that instrumentation for radiation detection is a vast field of 
study and new developments are continuously being announced. Therefore, M C  does not want 
to discourage the use of more recent techniques or the development of better detection 
instrumentation. M C  encourages DOE and Kaiser-Hill Company to investigate the use of these 
emerging technologies and techniques for application to the final status survey during the DQO 
process. 

Recent studies have been conducted on the identifying hot spots using in situ gamma 
spectroscopy techniques. Reginatto et al. (1998, 1997) developed a computer code, ISD97, to 
analyze data from a series of in situ gamma spectroscopy measurements on a grid. The code was 
designed to be used as a tool when evaluating compliance with regulations that set limits on the 
size and magnitude of hot spots. The code calculates the location and magnitude of potential 
elevated activity areas consistent with the data; for each potential elevated area, it generates a 
corresponding distribution of radionuclides in soil. In practical applications, if any of these 
potential distributions appear to exceed the soil action levels, further field work (such as soil 
sampling, collimated measurements, or additional measurements on a closer grid spacing) would 
be used to determine whether such an elevated area was present. The algorithm in the code uses a 
maximum entropy deconvolution of the data. In deconvolution, the data and a set of additional 
conditions are used to find a distribution of activity in the soil that fits the data and satisfies the 
given set of conditions. 

4.7.2 Recommendations 

RAC’recommends the use of in situ gamma spectroscopy measurements to identify hot 
spot areas that may be located between the soil sampling points located on a systematic 
grid. 
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RAC recommends that hot spot locations identified by soil samples or in situ gamma 
, .spectroscopy measurement be investigated further to delineate the size of the hot spot 

and to determine the upper 95% confidence interval of the mean concentration for 
radionuclides contained in the hot spot. 1 

RAC recommends that DOE and their site contractor, Kaiser-Hill Company, investigate 
the use of emerging techniques such as the ISD97 computer model (Reginatto et al. 
1998, 1997) for use in locating hot spots 

, I  

0 

- .  
ring the final status survey. 

. . . ,  . .  
. . .  . I '  1 '  

4.8 Surrogate Measurements 

With'multiple 'radionuclides in the soil a t  Rocky Flats, it may be possible to use surrogate 
i-.c 

ents. A surrogate radionuclide is easily measured and implies the concentration 
other radionuclides. 

4.8.1 Site-specific Studies 

The application of surrogates has been investigated by Shiehan (1994) and Hulse et al. 
(1999). Shierman (1994) investigated the use of 241Am as a surrogate to determine 2399 24oPu. 
The 241Am concentrations obtained during the study along the C transect of the 903 Pad were 
used to describe the 239,240Pu concentrations, and the following relationship was found: 

239.240Pu (pCi g - ' )  = 241Am (pCi 8") x 0.189-I . (4-8) 

Shierman (1994) indicated that this relationship can be used to estimate the 239Pu 
concentration indirectly by counting the 241Am via gamma spectroscopy. This would provide a 
quick method to quantify 239Pu without expensive and labor-intensive radiochemical techniques. 
However, Shierman indicates that this technique may not be useful in low-level environmental 
samples (less than 0.27 pCi g-1) because of the difficulty in quantifying 241Am using gamma 
spectroscopy at such levels. In these cases, radiochemical techniques would be required. The 
ratio of 241Am to 239~24oPu for the WETS soil analyzed in the Shierman (1994) study 

: = = remained-constant (r = 0.9946) as depth-increased, _but. it-was highly- variable. Because ~o 
relationship between the ratio and depth was found by Shierman (1994),aifthe sampl 
C transect were pooled and a median value (the distribution of the ratio data was skewed) 
0.166 was determined. The mean and standard deviation were 0.187 f 0.94. The ratio of 241Am 
and 2393240Pu for the sampling locations on the A transect had a median of 0.189. The mean and 
standard deviation of the ratio for the A transect was 0.210 f 0.85. 

Hulse et al. (1999) presented a similar relationship between 241Am and 2393240Pu using 
their data and data from splits of samples reported by Webb (1996) and Webb et al. (1994, 1997). 
The data indicated a strong relationship between241Am and 239,240Pu in soil from depths of 0- 

~ -- -- 

3 cm. A log-log regression yielded 1 .. 

Draft Final 

(4-9) 

Risk Assessment Corporation 
"Setting the standard in environmental health" 



. .  . .  . .  

. .  

. . .  

. .  

. .  

. .  

46 The Rocky Flats Soil Action Level Independent Review 
Task 6: Sampling Protocol Recommendations 

with an r-.sqwed ;value ,of 0.87! for locations where soil concentrations exceeded decision levels. 
. They. also found that the ratio bekeen ??1Am 'md 239.24oPu in soil samples from depth of 0-3 
cm, which was estimated by..regression, .was:O:18 ,for all onsite locations. The ratio' for offsite 

' locations was 0.36. The ratio between concentrations.'of 241Am and 239,240Pu in.soi1 from 
1 depths of 0 to 3 mm for all onsite locations was 0.22. This ratio was found by Hulse et al. (1999) 

. . to:be'the:same *'.that r&firted(by,Mongan et al. (1996) in airborne effluents from Rocky Flats 
adalmost  &e'same as'the ratio (0.21) reported by Litaor and.Allen (1996) in'soil from depths of 
0 to 6 mm at their onsite sample locations: The'results were also consistent with ratios calculated 
by Litaor et al. (1 998) for con m depths of 0 to'20 cm and 20 to 40 cm at 
locations close to the 903 Pad.' 

ssion to estimate parameters for the Hill four- 
o f 2 4 1 h  to 2 3 9 , 2 4 0 ~ ~  in soil from depths of0 

. I  

ad. The model is given by equation 4-10. 
, .  . .  

Y = u ,  +(aXb)(Cb + x y  (4-io) 

yo,:a, ._., \by. . C.were . I d ined to have values of 0.21, 0.21, 5.16, and 1.16, 
model .. . . predicted . ,..:, ..:. that io (95% confidence interval) should be 0.21 (0.15 to 
903 Pad and,0.41 (0.35 ._.  to . 0.5 . . 1) at  distances of more than 50 km. The predicted 
ackground' locations was higher than the mean ratio of 0.36 estimated directly 

from soil 'concenkations in samples from offsite locations. The predicted ratio was higher than 
the ratio of 0.32 obtained by adjusting the ratio estimated by Krey et al. (1976) for additions of 
241Am from the decay of241Pu in'global fallout since 1974. It was also higher than the ratio of 
0.29 f 0.17 that Hulse et al. .(1999) estimated using concentrations in background soil samples 
reported . .  by DOE (1995): Litaor and Allen (1996) reported that the mean ratio between 241Am 
ad.239~240Pu in soil from. depths of 0 to 6 mm at offsite locations around Rocky Flats was 0.56. 
,.Huke et al; 'state that these ratios should be used judiciously when predicting concentrations of 
.'239,24oPu 'from soil 'concentrations . .  , of 241Am to delineate. the extent of contamination from 

The benefit of using the surrogate approach is the reduced cost of not having to perform wet 
chemistry . ,- analyses on each 'sample. 'This benefit must also consider the relative difficulty in 
establishing 'the surrogate ratio, as . well as the potential consequences of unnecessary 
$vestiga<ons that result from thierror in using a conservative surrogate ratio. 

recommends, that when the ratio is established before remediation, additional 
.. . post-remediation . , . I  samples should be collected to ensure that the data used to establish the ratio are 

still' appropriate and .'representative 'of the existing site condition. If these additional post- 
remediation samples are not consistent with the pre-remediation data, surrogate ratios should be 

Rocky'Fjats.. . < .  

. .  

.: 

. v  - ' . : ' -ac '( i9g7) 

reestablished. . . .  . .  _ .  
. .  . .  

4.8.2 Recommendations ' . 

RAC recommends the use of surrogate measurements in the final status survey at the 
WETS. The ratio of 241Am to 239~24oPu would provide a mechanism for the in situ 
gamma spectroscopy measurements of 241Am to be used to predict the soil 
concentrations of239240pu. 
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RAC recommends that post-remediation samples be collected to ensure that the data 
used to establish the ratio are still appropriate, as specified in the MARSSIM guidance 
(NRC 1997). . * I  

I 4.9 Independent Confirmatory Investigations 

urvey is performed by an independent third party, contracted 
by +e DOE, to ,provide data ,to,.substantiate results of the final status survey. The independent 
verification survey would be limited in scope to spot checking conditions at selected locations, 
,comparing findings with those of the final status survey, and performing independent statistical 
evaluations of the data developed from the final status survey. This task would burden the DOE 
with additional costs for the soil action level project; however,RAC considers the benefit of such 
an independent confirmatory investigation to outweigh, the cost. The independent confirmatoj 
investigation would provide the public with assurances that DOE and their site contractor, Kaiser- 
Hill Company, have conducted the final status surveys in a technically defensible manner and 
that decisions to release specific survey units of the site are the correct decision. 

4.9.1 Recommendations 

RQC recommends that the RSALOP request DOE to implement a confirmatory survey 
(also known as an independent verification survey) for the radionuclide soil action level 
project. This survey should be performed by an independent third party. 

. .  . 
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5. SOIL SAMPLING QUALITY ASSURANCE 
. .  . _  ' .  9 :  . < . !  I . ' , :  _: , I .  . . : . .  

.'..'.ne goal'of QNQC-iis to- identi@. lement sampling .and analytical methodologies that 
will limit .the introduction of errors into analytical data. The required QNQC.pr0gri-m elements 
are typically developed &d documented in QAPjPs or in similar .documents, including, but not 
limited to, decommissioning plds,+samplingand .analysis s,plans,. and field sampling plans. 
Section 2 discusses the WETS sampling program and concludes that QA program elements are 
.documented ,and available for use in thejfinal status survey soil sampling protocol. However, the 
:.DQO process must .be -used. t0.d 'specific elements ofthe'QA,progrh for use in the soil 

Ini.general, 'the -ibllowing 'progression 'of events leads to developing a QNQC program for 

. 
' 

' ' I . . :  : .. , , . ' - . . - - :  ' . :  1 t 

. .  

. .  

1 . 

Present guidance for the development of DQOs identifies the following factors for 
consideration in the sampling program design (NRC 1997): 

' 0  Precision 
- Accuracy 

Bias 
Completeness 
Representativeness 
Comparability. 

* I. 5 

Developing a QA program for soil sampling is beyond the scope of this report. Typically, 
developing a soil sampling program and associated QNQC requirements is an iterative process 
that the RSALOP, DOE, and Kaiser-Hill Company will need to perform during the DQO process. 

In this report, M C  outlines the available QNQC guidance for soil sampling programs and 
suggested elements for consideration by the RSALOP. Elements of a QNQC program for soil 
sampling include DQOs, documentation, chain-of-custody, laboratory requirements, data 
validation, and the assessment of DQIs. 

5.1 Data Quality Objectives and Data Quality Indicators 

This section specifically targets the QNQC aspects (or DQOs) of the soil sampling program 
and the method for identifying potential errors from the point of sample collection to the final 
analytical result. DQOs are qualitative and quantitative statements developed by data users to 
specify the quality of data needed from a particular data collection activity (EPA 1987). 

DQOs must address five DQEs: precision, accuracy, representativeness, completeness, and 
comparability. Bias is also considered by the MARSSIM methodology manual (NRC 1997). 
Another data characteristic, level of detection, should also be addressed because it is closely 

- 

~- 

I 
I 
I 

I 
. I  

I 

I 

I 

! 
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- ,  .. 

. .  
1 

. . .  . . . .  , 

. .  . 
. .  . .  . 

. .  . .  

t' r t  

A 

related 'to %the other elements. Using 'DQIS in the QA sampling program allows researchers .to 

DQIs are not all quantitative (numerical) measurements; some DQIs are subject to 
qualitative (relative) analysis. Of the six principal DQIs, precision and bias are quantitative 
measures, representativeness &d comparability are qualitative, completeness is a combination of 
both qualitative and quantitative measures, &d accuracy is a combination of precision and bias: 1 

s determined by @e available resources and the 
dequately controlled. The 
tion level approaches -an 

ractice is to collect a set percentage, such as 5% (EPA 1987), of the 
r QA purposes. However, this method has disadvantages. Depending on the number of 

be collected, small numbers will' result in insufficient QC samples, whereas large 
bers may require too many QC samples and waste resources. A performance-based 

alternative is also available (EPA 1990). 
The precision of an estimate of the "true" variance for precision and bias within a survey 

design depends-,on \the, number .of QC measurements performed to provide the estimate. The 
MARSSIM provides oneLsided , upper confidence limits for selected numbers of QC 
measurements assuming the results of the measurements are normally distributed (see Table 5- 1). 

-At the stated level of confidence, the -hue variance of the estimate of precision or bias for a 
specified number of QC measurements will be between zero and.the multiple of the estimated 
variance listed in the table. For example, for five field replicate samples, you would be 90% 
confident that the true variance for precision falls between 0 and 3.10 times the estimated 

When planning surveys, the number of each type of QC measurement can be obtained from 
Table'5-1. For 'example, if the survey objective is to estimate the variance in the bias for a 
specific measurement system between 0 and 2 times the estimated variance at the 95% 
confidence level, 15 measurements of a material with known concentration (e.g., performance 
evaluation samples) would be indicated. 

The h4ARSSIM recommends that the survey objective be set so that the true variance falls 
2 times the estimated variance. The level of confidence is then determined on a 

t -the-number= of each-type -of QC measurements- to. the 

determine if the data are of necessaj quality to make a particular decision. ' -_ . 

The number of required QC measuremen 
ich assurance is needed that a measurement proce 
C measurements may also be 

> *  

instrument's detection lim 
A widely used stand 

'ance based on the results of the five samples. 

appropriate level. 

~~ 

, 
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- 

, . '_ Table-$1. Upper, Confidence:Limi@ for, the.True yariance a Function 0f.the.Numbe.r of 
Quality Control Measurements Us.@ to:,Determine:the Estimat@,Variancea. .. : . . 

_ . .  
. '.:. .,.Number;of .A 

'.i ;> meaquements . 
/ . .  .' .< quality control 

! 

. .  

. .  

.,5.l.1 :.Precision . . . : , 1 .  ' ,.:.;,- .; . _ .  . . .  . , .  . .  

. .  . . . .  . . -  
- 1 .  

. 1 Precision is a quantitative measure of agreement among replicate measurements of the same 

.property -,under .prescribed similar. conditions. (ASQC, J995). Several. types ,of replicate analyses 
,'are. available ;to. determ,ine,the:level, of ,precision. <These replicates ?e .typ'ically distinguished by 
.the point. in .,the sgnple..coll.ection..~d .analysis process where .the sample i s  divided. . .  The types of 
QA samples that may be used for determining precision include . 1. , 

I 
. . . ; : :. ,, 

.:.,il 1.. , . ,  <<j i ' .  : . ; ! 7 , v ' L . , ' ~ ,  : : . .  L . . .  
. .  : 0 .: Collocated .Samples. Collocated. samples .are collected.;adjacent to the. routine. .field 

. : . . , . . ..sample. .to i dete&ine.:local ... &ability .:of. the :radionuclide ,,concentration. Analytical 

8 . _  ... . a '  : . ;,,. . . .  
. .  

. .  ,,.,, .. ;' , . . 

. 
results from collocated'samples can be used to assess site variation but only in the i 
immediate sampling area. They are not recommended for assessing error (EPA 199 1). 

i 
Field Replicates. Field replicate samples are obtained from one location, homogenized, 

remaining handling and analytical process. These samples are used to assess error 

contamination concentrations near the action level. For statistical analysis to be valid in 

t 
divided into separate containers, and treated as separate samples throughout the 

associated with sample heterogeneity, sample methodology, and analytical procedures. 
Field replicates are used when determining total error for critical samples with 

such a case, a minimum of eight replicate samples would be required (EPA 1991). 

1 

I 
1 

I 

i 
I 

Analytical Laboratory Replicate. An analytical laboratory replicate is a subsample of a j 

0 
routine sample that is homogenized, divided into separate containers, and analyzed 

> -  Draft Final . 
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using the same analytical method. It is used to determine method precision; however, 
because it is a nonblind saniple,(i.e., known to the analyst), it can only be used by the 
analyst as an internal, nbiased estimate of analytical 
precision (EPA 1990). I 

ment- replicate is a repeated 
measurement of a sample that has been prepared for counting (i.e., laboratory sample 
preparation and radiochemical procedures ‘have been completed). It is used to 
determine precision for the instrument (repeated measurements using same instrument) 
and the instrument calibration (repeated measurements using different instruments, 
such as two different germanium detectors with‘multichannel analyzers). A laboratory 
instrument replicate is generally performed ‘as part of the laboratory QC program and is 

estimate of the analytic 

. 

When collocated me precision is obtained. 
ollocated-samples .are not available for laboratory -’analysis, a sample subdivided in the 
d preserved separately can *‘be used to assess‘ the variability of sample handling, 

preservation, and storage along with the variability in the analytical process, but variability in 
sample acquisition is not included. When only yariability in the analytical process is desired, a 
sample can be subdivided inithe laboratory before analysis. 

5.1.2 Bias 

Bias is the systematic or persistent distortion of a measurement process that causes errors in 
one direction (ASQC 1995): Bias is determined quantitatively based on the analysis of samples 
with a known concentration. There are several types of. samples with known concentrations: 

Reference Material. Reference material is a material or substance, one or more of whose 
property values are sufficiently homogeneous and well established to be used for the 
calibration o t an  apparatus, the assessment of a measurement method, or for assigning 
values toimaterials -@SO ~1993);- A certified reference .material contains certified values - -  

that ,are. accompanied by ~ , a n  uncertainty at a stated level of confidence. When 
’appropriate reference materials are available (i.e., proper matrix, proper radionuclide, 
and proper concentration range), they are recommended for use in determining the 
overall bias for a measurement system. 

Performance Evaluation Samples. Performance evaluation samples evaluate the overall 
bias of an analytical laboratory and detect any error in the analytical method used. These 
samples are usually prepared by a third party, using a quantity of radionuclides that is 
known to the preparer but unknown to the laboratory and always undergoes certification 
analysis. Laboratory procedural error is evaluated by the percentage of the radionuclide 
identified in the performance evaluation sample (EPA 1991). 

- - - > _. = _  ~- 

. - 
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. . . . . . . . . . . . . . . . . . . . . . .  . . . . .  
. .  

. . . . .  0 , .  : A&r& Spike:SumpZes. .Matrix%spike samplesare environmental samp1es;that are spiked 
;..' . . t  .in the- labo@oy with a known .concentration of.a:target radionuclide :to.verify percent 

. .  recoveries ...Th ey@e primarily. used to check sample'matrix interferen+s, but they can 
also be used to monitor laboratory performance. However,ja data'-set of at least three or 
more. results is necessary to distinguish between laboratory performance and matrix . 

.. interference,(EPA 1991).. . . . . .  

..Seyeral ... types . .  of 
,include,. .. .: ,. :. 1.. : : _ -  

. .  . . .  . . . . . .  
i .  ~ ' .  

-. 
. I  . .. : .  . - -. I . b .  . ~. ..., '.. 

C,,,sqples are also 'used to: detect bias.-cawed: by. contamination, which 
. . . 

_-. -. . \  

-.. . . . .  . . .  I . . .  _ -  
.\: . . , .  

. I  . I I\'. ' . 

miged to @e. laboratorj. .formalysis@PA :199.l): A )field blank is used 
aluate contamination, error. associated with sampling :methodology and laboratory 

. procedures. It also provides information ,about -contaminants-.,that may. ibe. introduced . . 
. ,  . during sample collection, storage, and transport (NRC 1997). ..' . . .  

. .  
.. . . . .  ... ... ... 

. .  

.. . . -  8. 

. .  
. . .  :-...;,:'.,<., ! .  + ::. ~ ,:: .: * >.,.; -;I.. 

, .  . . . . .  .... , : reported analytical results. are not the result ,of laboratory contamination (ATSDR 1992). 

.- , : 

10 ..>:,Meth?d BZmh. A method,blank is an.analytica1 'contro1,sample tp 

J.  . . .: . . .  . It:-contai.ns . .distilled -. or deionized water.. and reagents Fd..is .carried through the entire 
. : ..... analytical .process .(lab.oratory:sample3.preparation; digestion, and analysis). The 'method 

blank is also referred to as a reagent blank. The method :blank is generally .used as an 
.internal control tool by. the laboratory because it is a nonblind sample ,(NRC 1997). 

. -  

. . . .  . .  . .  
5.1.3 Accuracy 

:.:. ' , *  , . :  . .  . I . . )  

Accuracy is a measure .of the closeness of an individua1:measurement :or sthe .average 'of a 
number .,of measurements to' the.. -&ue..,value' @PA. 1997). Accuracy includes a combination of 
random error (precision) and systematic error (bias) components that result from performing 
measurements. . .  , . 

.concentration or by 
reanalyzing material. to which a.:known :'concentration of contaminant .has been .added. To be 
accurate, data must. be' both precise. and. unbiased. AS an -example, consider a target. To be 
accurate, the shots at. the.target must ,land close together. and, 'on average;.atdhe spot where they 
are aimed. In 'ofher words, the shots must -,all land ne*. the bull's. eyei:.-Figure,-5-1. shows this 

. . . . .  . . . . . . .  . . . . . . . . .  .I ....... .analogy. _. 

. Accuracy . is determined by, analyzing a reference material .o 

. .  . . . . .  . . . .  
1 .  

. ;  ~ -.*.. ' .  , . .  , -  
, , . '  

. . . . . .  . . . .  . .  . .  i /  . . . . .  . . . . . . . .  . 2 .  . :; .- . .  

. . . .  . .  . , . 
. . . .  

.. : 

. . .  . . . . . .  , . . "; . . .  . .  . .  

. . . .  
. . .  

. . . . . .  

:.-. . 

. . .  
. .  . .  - ' . A %  . ' .  .. - , . . , .  ' . <  . - .  . . ,. . .  

. .  

j 

I .  

I 
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. .  
.- . , ~~ 

i ; ,  + ~ , :. -,., 
. 

, . ,. , . ,.. ,.. .;_ . .. . .  . . 

. . .  

. .  
. .  

. -  

; .  . 

Figure 5-1. Measurement bias and random measureme 

Accuracy is usually 
Determination of accurac 
accuracy is a combination of bi 

4 Representativeness 
-- -- - 

represent a characteristic 
Representativeness is a q 
samples were collected in a m 

ntamination measured. . 
ly reflect the media and 

'When soil samplin 
collection procedures consider representativeness. Sample collection procedures also need to 

sider the modeling basis for the radionuclide soil actio en' determining the 
representativeness of the samples. 

'Representativeness is primarily a planning 'solution to enhancing 
representativeness is in the design of the sampling Analytical data quality also affects 
representativeness because data of low quality may be rejected for use in the analysis. ' 

1 .  
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I 
5.1.5 Comparability , '  % - . - 

Comparability is a:qualitative terin that expresses :the-confidence that two daq sets .w 
contribute to a common analysis F d  interpolation. Generally, comparibilitj; is ;provided by using 
the same measurement system, fora11 analyses of a specific radionuclide. :Qmpgabili$ % *  is usually 
not an issue except in cases where",historical data have been,'collected, &d <e being co-mpied to 
current analysis results' orphen multiple laboratories &e. used to provide results .as, part of . .  a 
single sampling design (NRC4997): ' 

The comparability objective provides the needed control over the total measurement process 
to ensure that different studies can be compared. Compakbility provides a basis for. comparing 
trends over time or space, evaluating '.the relationship'getween sampling . .  prograitis, or . .  ensuring ; 

..& .% 

. . .  . .  - .  . , '  ' 

. ........ 
... I . . . .  < . 7 %  - .I ..*. :..: 

. . . .  that phased sampling efforts .produce data of a consistent quality. --s 
When sampling is to,.occur.over an:extended period of time orwhen ..' the . hvestigator desires 

to compare several sites, it i s  necessary to ensure that the 'samples be collected in a comparable . 

manner, from comparable n.of.the soil mass, and with' compaiableimeth.ods. . . .  Foq example, , ]  .. 
. .  

. .  . .  . . . . .  
.. ld'not be compared with bucket . . . . .  auger.'s si , ; '  . .; samples collected by corin 

:. : 
. .  

' i  i'. . . 
. .  .. .: 

L .  .." - .  . ,  
? ,  . .  '.. , , , ,  

. .  . c. ' . .  

! .  . .  . 1- 
. .  I . . _ . .  

. .  , . . .  . . . . . . . . . . .  . . . .  
1 .  

5.1.6 Completeness "..- . .-' ' 
_ . _ .  

Completeness. is a measure, of the- F o u n t  of valid :data. obtained,ifiom,dhe measurement 
system, expressed as a percentage of the number of valid measurements to total number of ' 

measurements collected. . .  
. . . . . .  .... . . . .  . . . .  - . . . . . . . . . . .  

Completeness for measurements is.calculated .by the following formula (NRC 1 
.... . . . .  . .  . .  -, .. . I  . . s. 

(number of valid measurements) x 100 
total number of measurements planned 

% completeness = . ' (5-1) 
. . . . .  t .  ;: .< ', . 

1. 
4 .  ' 

. .  
Samples collected 'on a grid to locate aree..of elevated . acti I, 

completeness. If one sample analysis is not valid, the entire sampl 
'elevated activity may be invalidated. If a sufficient amount of sam 
the analysis can be repeated using archived sample material. ' 

describe how closely the measured' results 

.the results.may not be representative of the 
could be only 70% data completeness (3 
the sample design, the results co 
results. 

For~most final status survey 
demonstrates compliance with th 

sufficient to support the decision to rele,xe the survey unit, 
An alternative method to ensure .completeness is to take, s 

determined appropriate for the sample design. . ~ e  planning stage 

Completeness is not intended to be a 

. . .  contaminant in the media being measured,. 

determined to be acceptable. ,The question . . . .  then . . . . . . .  becomes wh 

consideration the fact that not all samples will make it intact through the entire measurement 
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process. For example, sample containers ,:will be ,broken, instruments will fall out of control, data 
will be lost, and sample tags will .be lost. Many factors can lead to a sample result. being . 

. .. . .. . . . .  

. , 

,invalidated. These: invalid samples”ch be compensated; . .  

This latter approach ensures that the desired number of 
20% more measurements were taken in a survey design t 

h 
6 . :  .! . -  

The design of a particular sampling effort provides a minimum number of Sam 
yield a desired level of precision for the final results. The probabilit 
negative akwers are saecified at &e outset. Obvio 

Selecting analytical methods b 
limit of th od directly affects the ‘usa 
limit have increased measurement uncertain- 

Validation of the analytical d 
by using the specified DQIs and QNQC sample results. Analytical data validation, including 
field and laboratory data review, is defined as the systematic process, performed external from 
the data generator, that applies a defined set of performance-based criteria to a body of data and 
may result in qualification of the data. Data validation provid 
technical evaluation, that an analyte is present or absent; i 
uncertainty associated with the measurement. Data validat 
conclusion from the data. 

Analytical data validation for radiochemistry includes a technical 
- data package covering the evaluation-of D-QI samples,_the ide - -  

analytes, and the effect of deficiencies in QC on analytical S 
Although the EPA has developed numerous guidance d 

of organic and inorganic constituents, no national standard 
radiochemistry concepts adequately. The need for a docum 
by most of the DOE complex. There is reference in’the MARSSIM (NRC 1997) to the 
development of such guidance, the Multi-Agency Radiation Laboratory Analytical Protocols 
(MARLAP) Manual; however, currently, no such document exists. Because of the lack of specific 
guidance, currently each DOE site has developed site-specific data validation -procedures for 
radiochemistry data. 

During data validation, the reviewer examines the data, documentation, and reports to 
determine if the sampling program was conducted within the limits specified by the DQO 
process. - *  
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“Sefthg the standard In environmental heaM” 



56 The Rocky Flats Soil Action Level Independent Review i 
Task 6: Sampling Protocol Recommendations 

I 

i 
5.3 Documentation5 . . ' I  , . - 1  

. . . .  .. ':.. , , , .  . .  . . .  . _.. . .  . .  

. , Three types of documentation are available for review during the data validation process: : . . 

(1) field operation records, (2). laboratory: re?rds;qd (3) dag handling r-ecords (EPA.195497).,.; . . . .  
. .  . . . .  

. .  
. . .  . . .  . . . . . .  . .  . . . . .  . . . . . .  , . ., ., * , > . I : !  

1, 
. .  - . .  . .  . .  , .  

5.3.1 Field Operation Records . . . . . . . . .  . .  .!.. . . . . .  .I . . .  . . . . . . . .  '".,;.- * ' ,  '.., . ' . .  
. .  

' 

. . . . . .  . . .  . .  '*. (_.. '  ' . . ! ' . .  
' . The information contained in these records documenk the field operations and consists of 

. . .  . . . .  4 . . . .  . i  . . . .  .!. . . . .  .- .. . .  .: _ ,  . .  , ' , .  .., . . .  . .  . .  .: . :.. . .  ' ~_ the following: 
L .  . . . . . . . . . .  ":. - . , ; ; ,  " .  , , I  

\ 
1 

. . . .  -I 

. $  . . .  
.~ + , .  

. Field Measurement . .  , .  Records. Field . . .  'measurement . d&cuyent,&+ ~ , _ ,  . . :that the 
--proper' measurement ' protocol 'we '  perfohed ' 

. documentation includes the names.of , ,  , :.> 1 . 'the' i . . perso : 

's,ampling ' projec 
4%: STPipg, , .  , . 

location a d  identification, maps '.'ind'' diagram t"and 'SOP 'used 'during 
- 6  sampling, and unusual observations. Bound field notebooks are.. 

raw data; however, data recording forms may also be used for thi 
. .  

! 
t . i  

. .  
, .  : , < . . >  . : 

Sample Tracking Records. , ,  . ,S.ample,tracking . . . .  records, . , ~ .  also' refe 
records, document the. progression of samples . . .  .,as ..: they 
location to the laboratory and finally to disposal. 

General Field Procedures. General field procedures, also referred to as SOPs, record 
the procedures used in the field for collecting soil samples. 

. . r  

5'7 

5.3.2 Laboratory Records 

The following list describes some of the laboratory-specific records that should be reviewed J 
if available and appropriate: 1 

i 
. *  

Laboratory Measurement Results and Sample Data. Laboratory measurement results 
and sample data contain information on the sample analysis used to verify the analytical 

sample measurement results, any deviations from the SOPs, time of day, and date 
should be included. Sample location information may also be provided. 

Sample Management Records. Sample management records should document sample 
receipt, handling, and storage and scheduling of analyses. The records will verify that 
sample tracking requirements were maintained; reflect any anomolies in the samples, 
such as receipt of damaged samples; and note proper log-in of samples into the 
laboratory. 

methods that were followed. The overall number of samples, sample identification, I 
'I 
I 

$ 1  

i 
i 

I 

QC Measurement Recorh. QC measurement records include general QC records, such 

the QC checks, such as blanks, spikes, calibration check samples, replicates, and splits, 

J 
as initial demonstration of capability, instrument calibration, routine monitoring of 
analytical performance, and calibration verification. Project-specific information from 

! 

should be included in these reports to facilitate data quality analysis. 

Draft Final e 
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5.3.3 Data Handling Records 

0 

0 Examining blanks for contamination 
0 

Measuring bias using reference material or spikes 

Assessing adherence to method specifications and QC limits 

I i s  

measurements 
Assessing external QC measurement results and QA assessments. 

Following the data validation process, data are assigned validation qualifier 
conducting the data review assigns coded qualifiers to the data when QC requirements or other 
evaluation criteria are not met. An explanation of the data qualifiers should be included in the 
data validation report, along with a summary-of the quality of the data package. + 

. .  
. _ .  . .  . . .  

. ,  
I . _ .  . _. :. 
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.-. .! _ .  . . .  
6. CONCLUSIONS ' . ,  

. .* 

!. The primary goal of Task 6 is to develop reconFendations for a soil sMpling protocol for I 
,,.' ' .; % 

~. 

I use'at . , . .  WETS to obtain 'so$ ,&n&ntration data for comparison.'to the soil action levcls. .... : . I .  Sampling ... 

protocols are .Written descriptio.+ of, the, detailed procedures to .be . followed,. in collecting, 
packaging, labeling, -preserving, &porting,"and doc&enting the sakples. 

. Sampling protocols are developed using the itemtive,.DQO process and require DOE and its 
' contractor to evaluate several important &mside&tions."The& considerations include evaluating 

. ' . 

! . .  .. 
. i . 

sampling and. analytical costs :in 
errois' . \  that may result in remediati 
.below the soil action levels. .Conve 

of the general public and 
the soil action level study. Because of,the. 
inherent need to balance the concerns of 
sampling protocol was not conside 
those elements of a soil sampling p 
samples are collected for comparison 
to the RSALOP for presentation to ' DOE and ' i@ .'contractor, '.KaiSer-Hill -Company, for 
incorporation into the soil sampling protocol and pr&ures to be used for the" soil 'action level 
study. 

The sampling protocol recommendations were developed for the surface-soil'&npling (Le., 0 
to 20 cm) during final status survey. In this report, RAC used the gencral principlcs of the 
MARSSIM (NRC 1997) guidance to develop recommendations for a sampling protocol. RAC has 
provided an emphasis in this report on problems identified with the MARSSIM guidance in'terms 
of its application to the soil action levels at Rocky Flats and potential solutions. 

The folIowing is a summary ofthe recommendations for a soil sampling protocol in support of 
the final status survey. RAC reconunends that 

. . .  

. .  . .  . 

1. The DQO -process be used to develop the soil sampling protocol for'the .final status. 
survey. 

. .. 

!. 

2. DOE appoint representatives from the RSALOP for inclusion on the DQO planning team. I 

3. The RSALOP select discrete values from the soil action level distributions for each 
radionuclide and use these discrete values for comparison to the soil concentration data. 

4. Soil samples be collected using profile sampling. 

5 .  Profile sampling be conducted in soil depth increments of 0-3 cm to be consistent with the 
resuspension model parameters used to develop the soil action levels. 

I 
1 

E a 

6. Soil samples should not be composited; rather, individual soil samples should be analyzed 
for radionuclide contaminants. 

Draft Final 
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* / I  
\ .  

. Soil samples be collected using a systematic grid sampling design, 
starting point. 

8. A statistician familiar with the WETS and environmental statistical.de 
on the DQO planning team. . *  

tr 1. 

9. The arithmetic mean of the soil concentration data and its associated uncertainty at the 
upper 95% confidence interval be used for comparison to the soil action levels. 

10. The MARSSIM (NRC 1997) non-parametric statistical tests not be used for the soil 
action level study since these test compare the median value of the sample distribution to 
the soil action levels. When the distribution is not symmetrical (i.e., skewed), the median 
is not equal to the mean. 

1 1. Parametric statistical tests, bootstrapping, or geostatistical techniques be investigated for 
use in comparing the 95% upper confidence limit of the mean against the soil action 
levels. The statistical tests should be investigated during the DQO process and chosen 
according to knowledge of the areas to be sampled. 

12. Spatial correlations be investigated to determine their presence in the survey unit of 
interest and to determine if methods are required to improve the estimate of the mean 
based on the systematic grid sampling method. 

13. The null (Ho) and alternative (Ha) hypothesis are stated as Ho: p 2- SAL and 
Ha: p I SAL, where p is the mean soil concentration and SAL is the soil action level. 

14. The survey units be classified according to the NRC (1997) scheme and that the size of 
the survey units be limited accordingly. 

15. In situ gamma spectroscopy measurement be performed to identify potential hot spot 
~ - - .. - - _  ~ 

= - - _  - - _  - - -- - -- - - - ~ _ _  - -  - ~~ 

- - -  _ = - -  

locations. - - 

16. Hot spots identified by soil samples or in situ gamma spectroscopy measurements be 
investigated further to delineate the size of the hot spot and to determine the upper 95% 
confidence interval of the mean radionuclide concentrations contained in the hot spot. 

17. That hot spots greater than 100 m2 with arithmetic mean soil concentrations at the upper 
95% confidence interval that exceed the soil action levels be remediated. 

18. That hot spots less than 100 m2 be area averaged with soil concentrations in a 100 m2 
area and area weighted to determine if the upper 95% confidence interval of the mean 
soil concentration exceeds the soil action levels and, thus, requires remediation. 
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19. The use of surrogate measurements in the final status survey. The ratio of 241Am to 
&- ,239~24oPu provides a mechanism for the in situ gamma spectroscopy measurement of 

'I 241Am to be used to predict the soil concentrations of 239~24oPu. . 

. .  

. .  

.: ........ .- .. :.-2O.:DOE implement an independent verification survey for the radionuclide soil action level 
project. This survey should be performed by an independent third party. -: . .  

. . .  . . .  . . . .  . . . . .  . . . . . . . . . . . . .  . . . . .  . .  . ! 9 . . r :  A ,  . : .  . . . .  . .  
. . + "  ~ . !. . . a  

. . .  . . . . .  . . . . .  . :1, . . . . . .  . .  . .  - . . . . . . . .  . .  . .  . .  

a , , .  . . .  . . . . .  . .,. .:.:.: . , . .  . .  .. . . .  . .  . . . . . .  
. . . .  . . .  . . . . . . . . . .  I .  . .  :' . . .  . .  
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f@ RADIONUCLIDE SOIL ACTION LEVEL SUMMARY REPORT 

INTRODUCTION 

The Rocky Flats Environmental Technology Site (RFETS) is owned by the U.S. Department 
of Energy (DOE) and is currently operated by Kaiser-Hill Company. For most of its history, the 
Dow Chemical Company operated the Rocky Flats Plant (RFP) as a nuclear weapons research, 
development, and production complex. The RFP is located 5-6 mi (8-10 km) from the cities of 
Arvada, Westminster, G d  SBroomfeld, Colorado and 16 mi (26 km) northwest of downtown 
Denver, Colorado. This current project is evaluating the interim radionuclide soil action levels 
developed for implementation by the DOE, the 
Environmental Protection Agency @PA) and the 
Colorado Department of Public Health and 
Environment (CDPHE). Soil action levels are 
calculated to identify the concentration of one or 
more radionuclides in the soil above which 
remedial action should be considered to prevent 
people from receiving unacceptable radiation 
doses. As a result of public concern about the soil 

In response to public concern about 
the interim soil action levels 
proposed in 1996, DOE provided 
some finding for an independent 
assessment and calculation of’s 
action levels for the Rocky Flats 
cleanup work. 

action levels established in October 1996, DOE provided funds for the Radionuclide Soil Action 
Level Oversight Panel (RSALOP) to select a contractor to conduct an independent assessment 
and to calculate radionuclide soil actions levels (RSALs) for the RFETS. Risk Assessment 
Corporation (RAC) was selected to carry out the study. 

The goal of soil action levels is to protect people who may, in the near or distant future, 
come into contact with the site where radionuclides contaminate the soil at levels above 
background. Soil action levels are quantities, one or more per radionuclide, that depend on four 
things: 

1. How radioactive material is transported in the environment to people (transport 
pathways) 

_ _  - -  _- - . - . + - -  - - 2. How people might be exposed to the radioactive materials (exposure scenarios) = -- - - - 

3. How radiation dose to a person is assessed (radiation dosimetry) 
4. How radiation protection guidelines fit in (annual dose limits). 

~ 553 

Because of these considerations, we focused on several factors important in the transport of 
radioactive materials in air and water in an area like Rocky Flats and developed applicable 
exposure scenarios for the project. In designing the scenarios, we carefully considered offsite 
exposures so that if the person living onsite full-time is protected, then the person living offsite 
will be protected. It was also important to understand the behavior of radionuclides in the soil and 
how soil can be disturbed or resuspended because inhalation can be one of the important exposure 
pathways for those living on or near the site. The potential significance of the groundwater 
pathway, which is an extremely complex pathway, was carefully considered during the project. 
RAC did not assess it in significant detail in the soil action level project because of the extensive 
ongoing Actinide Migration research (Honeyman, 1999; Honeyman and Santschi, 1997). We did 
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include groundwater as a pathway in our scenarios to provide a bounding level, screening 
calculation &ih dontamisted drinking water as a pathway for dose. 

At the beginning of the project, we planned to recommend a specific soil action level based 
on our methodology, input parameters, and exposure scenarios. However, as the project evolved, 
and especially with the documentation of the Task 5 report (Killough et al. 1999b), we realized 

'. :-this .''.would'' 'not.: be 'possible. 'There were two 
- fundamental r a o n s  for not recommending a specific 

project. First, certain 
rrently * unavailable 'need to be 

before %'defensible soil action .level can be 
ong these'are data that help 
'brush 'fire on the. land 'now 

include "decisions about 

RACs work provides a practical 
methodology for calculating 
radionuclide soil action levels. 
Certain political, social, and 
econoniic factors nutst be 
considered and data about the 
eflect of brush fires must be 
obtained before the panel and 
others involved can select the 
soil action level appropriate for 
the Rocky Flats site 

,necessarily involves many political, social, and moral decisions. We would be remiss to not point 
out all factors that might go into making a decision of this type; however, it is outside our scope 
of work to make such dccisions. M e r  the data gaps are filled in and the additional considerations 
& taken into account, a soil action level can be developed. Nevertheless, we are providing an 
amroach that can be used to calculate soil action levels for Rocky Flats, and that this approach 
should be used as the basis for selecting soil action levels that can be implemented. 

PROJECT TASKS 

To calculate soil action levels for the WETS, the current project was designed to follow a 
carel l  and systematic course from determining the methodology to selecting a computer code to 
analyzing exposure pathways and sensitive parameters to reporting the final results. This course 
was laid out in eight tasks. Five of the tasks resulted in reports, one task was completed as a 
presentation, and two tasks were ongoing goals throughout the project. Table 1 sununarizes the 
tasks for the project. 

There were a number of design objcctives that were followed during the course of the work. 
Some of these objectives were imposed by the scope within which we had to work and we did not 
have the option to go beyond this scope. As in any scientific study, there are always ideas that 
evolve that could improve the work or expand on technical dscussions that make it more 
complete. Nevertheless, it was important, because of the timc constraints of the project and the 

' resources, to stay within our scope and try to provide the most complete product possible. Key 
design objectives are listed below. 

1. Base the soil action level on a dose constraint, rather than a level of risk. 
2. Consider two dose constraints, 15 mrem (0.15 mSv) in a year for unrestricted use of the 

3. Consider any realistic scenarios of exposure for the future and do not be limited to using 
site, and 85 rnrem in a year for restricted use. 

scenarios that had previously been proposed. 
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4. Include uncertainties in the calculation to the greatest extent possible. 
5 .  Incorporate site-specific data into the calculation where they are available. 
6. Evaluate different computer codes that are available for calculating RSALS and select 

7. Use a documented and reviewed computer code; however, modify this code if possible to 

. *Complete the work within the time constraints given and interact with the panel and the 

" one to use that is the best for the situation at Rocky Flats. 

improve the quality of the calculation. . 

- 

mont ability sessions and formal meetings. 
I \  

Aanenson et al. 1999 Attachment B 
Presented at November Attachment B 
1998 RSALOP meeting; 
Killough et al. 1999b 

: Inputs and Assumptions 

ndent Calculation of Killough et al. 1999b Attachment B 

6: Soil Sampling Protocol Thorne and Rood 1999 Attachment C 
7: Interaction with Actinide ongoing Attachmcnt D 

8: Public Interaction ongoing 
Migration Panel 

Each task was an important step in the process, although the tasks did not chronologically 
proceed in numerical order as they appear here. The five peer-reviewed reports, and a summary 
of the Actinide Migration Studies meetings that O C C U K ~  during the course of the project are part 
of this report as four attachments. Tasks 7 and 8, interaction with the actinide migration panel and 

@roughou_t the project.rPublic involvemenJ w g  
impact the cleanup levels may have on the local 

communities surrounding the site. With any study that involves the members of the public as 
stakeholders, it is important to involve the public in new and creative ways in the decision- 
making process. RAC, along with Advanced Integrated Management Services, Inc (AIMSI), 
focused on this end throughout the project by scheduling and conducting public meetings and 
making written materials available. The Actinide Migration Studies (AMs) group was established 
by DOE in 1996 to investigate and model 239s240Pu, 24'An1, and uranium transport in the site 
environment. Periodic technical and public meetings have been a way for Kaiser-Hill (K-H) and 

ublic . -  interaction, respectively, were imp 
articularly relevancln t& study because 

the various scientists who specialize in the study of actinide movement in the cnvironment to 
report on the progress of their findings at Rocky Flats. Their input into our project was invaluable 
and summaries of meetings during the course of the project can be found in Attachment D. - 

Task 1 summarized research into cleanup levels at other facilities and sites and was an 
important first step in this project (Weber and Till, 1999). Because of the varied techniques, 
cleanup criteria, exposure pathways, and input parameters for calculating dose and contamination 
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levels in soil, this task was challenging but it provided an important comparison and perspective 
on the magnitude of the interim soil concentration criteria at Rocky Flats. The Task l'report is 
Iocated in Attachment A. 

Task 2 focused on selecting a computer-based model for making calculations of soil action 
levels for our work (Killough et al 1999a). We reviewed five models for possible inclusion in this 
project and narrowed our choice to one. Following this selection process, we identified and 
developed probability distributions for .the input parameters to the soil action level calculation 
that had the most significant impact on dose. The selection of these values A d  distributions is the 
subject of the report for Task 3, Inputs and Assumptions (Aanenson et al. 1999). We also 
developed exposure scenarios; that -is, hypothetical individuals who might be exposed to 
radioactive conkmiination at Rocky Flats in the future. These scenarios are the individuals for 
whom doses and soil action levels were calculated. The Task 2 and 3 reports are part of 
Attachment B in the current report. 

DesigAg a methodology for calculating soil action levels based on our exposure scenarios 
was the focus of Task 4, and was presented to the RSALOP in November 1998. As stated 
previously, this methodology included the uncertainties of the input parameters and the resulting 
soil action levels. Based on the methodology of Task 4 and the input parameters and assumptions 
of Task 3 for the computer code selected in Task 2, we developed a method to calculate 
radionuclide soil action levels for each of seven scenarios. The methodology and examples of 
how to calculate soil action levels were covered in the report for Task 5 :  Independent 
Calculation. This methodology forms the basis for the RSALOP to develop a recommendation 
for the soil &ion levels appropriate for the Rocky Flats site. We provide an example of an RSAL 
development,'based on the methodology and calculations presented in the Task 5 report. The 
Task 5 report is part of Attachment B of the current report. Finally, in Task 6, we revicwed the 
soil sampling procedures currently in place at the WETS, and recommended some guidelines for 
establishing a soil sampling protocol to ensure that the soil action level criteria are met (Thorne 
and Rood 1999). The Task 6 report is included as Attachment D to the current summary report. 

This summary report is the culmination of our work on the soil action level project. It 
provides a synopsis of the entire project-and includes as attachments the technical reports issued 
as a part of this project. We describe the important elements of each project task and how they 
contiibuted to the project as a whole. This report should provide a complete perspective on the 
project, iqcluding the details of the work that was completed. We provide the method and show 
an exahple 'of how to develop a recommendation for radionuclide soil action levels. Because 
there are many considerations that might impact decision-making in terms of selecting a final 
cleanup level, we do not recommend a single value; rather, we provide the method to calculate a 
soil action level that can be used by the panel and others to come to a consensus on what the final 
radionuclide soil action level should be, considering all factors. 

- 

. I  

PUBLIC INTERACTION 

Public interaction was particularly important for the cleanup effort because of the proximity 
of the Rkky  Flats site to the surrounding communities. The crucial first-step in the clean up was 
determining the concentrations of radionuclides that could be left in the soils after cleanup was 
compete. It was important to keep the public and surrounding stakeholders informed of the 
decisions regarding the cleanup. As a research team, RAC was committed to the task of public 
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involvement and interaction. Thus, we supported the public involvement contractor, AIMSI, who 
scheduled monthly $technical meetings that were open to the public and general public meetings 
designed to inform the public about the current project. Research that impacts the public must 
necessarily involve and be impacted by the public. For the soil action level project, we attended 
monthly meetings and updated the RSALOP on the progress of the project. The RSALOP 

eetings were an important forum for interaction with the panel, the agencies, and the public. 
uring these meetings, many decisions were made regarding the direction of the project and input 
arameter values. Many ideas and insights came from discussions at these meetings 7 that 

ificantly impacted the project and would have been lost had this interaction not existed. 
RAC also participated in technical work sessions before each RSALOP meeting. These work 

essions gave anyone interested in attending a chance to ask more specific questions and have 
discussions about the technical details of the work. These sessions ended up serving more as 
round-table discussions ,and much was accomplished by explaining our methodology, clarifying 

ree public meetings took place during the course of the project. These meetings were 
more towards a general audience to update them on the work being done. A special 

orkshop on radiation risks from exposure to radioactive materials was held in response to panel 
concerns about the process. This workshop, led by Mr. Charles Meinhold, President of the 

ational Council on Radiation Protection and Measurements, was open to the public and other 
d parties. This workshop was helpful for informing the panel about the background of 

risk protection and management, as well as giving an overview of the current research. 
Five paid peer reviewers from around the country reviewed and provided written comments 

on each of our five draft technical reports. We also received review comments from panel 
members, DOE personnel, and others attending the monthly meetings. We responded to all 
comments in writing, and these responses were reviewed and accepted by the panel. The final 
reports .reflected the reviewer comments and changes made to the reports in response to them. 
This process helped identify areas of concerns that we had not already considered, and allowed us 
to deal with many of those within the context of our work. The process of public interaction and 
review took place throughout the entire project and provided a valuable network for identifying 
issues that were critical for the public. 

s, and presenting examples of our work to the attendees. 

@ 
I 

. _  - - -  - -  _ _ _ _  - - - - -  _ _  
~ __ _ -  ~- ~- z- = _I _ _ - _  

_I ~ - 1 -  -- * - __-- 
I INTERACTION WITH THE ACTINIDE MIGRATION PANEL 

The Actinide Migration Panel is made up of scientists who are very closely studying the 
processes associated with migration. of actinides through the environment. This panel had 
working meetings throughout the duration of our project, and RAC attended the meetings for 

I purposes of collecting information produced by the Actinide Migration Panel that might be 
helpful for our studies. These studies are exciting and very relevant to the current soil project 
because they help to characterize the chemical and physical form of plutonium at the Rocky Flats 
site. The AMs research that is underway has helped to define the potentially significant 
pathways. The research done by the panel into the movement of actinides in the Rocky Flats 
environment has not yet provided any new models of groundwater movement, but it has provided 
us with valuable information to make our calculations more site-specific. For example, surface 
water discharge and actinide activity data from site monitoring programs during the 1990s were 
compiled to compute actinide loads on a storm-specific and annual basis. The analysis was done 

~ 
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compiled to compute actinide loads on a stonn-specific and annual basis. The analysis was done 
for Woman Creek, Walnut Creek and the South Interceptor.Ditch (SID) drainage basins, which is 

Important$ndingsfiom the Actinide 
Migration Studies were incorporated 
into our calculations and results. 
Studies verified that (1) plutonium is 
in an.insoluble form in the soil in the 
903 Area, an outdoor storage area 
that is heavily contaminated-Ad that 
(2) actinides move through the Rocky 
Flats environment quite slowly and 
deliberately tmvard the aquifer, if . 
ihpv ~ V P  ni rill 

part of the Woman Creek watershed. Other 
studies report 239*24ppu and 241Am activity in 
*surface soil sampled in the Walnut and Woman 
Creek'watersheds. These types of data can be 
used to calibrate the models that estimate soil 
erosion and associated actinide transport. Other 
work is underway to characterize plutonium in 
samples from the 903 Area using powehl new 
state-of-the-art analytical techniques. This work 
has provided convincing new evidence for what 
'many have assumed all along - that plutonium in 

'-the soil at R o c k  Flats is insoluble h02. While 
results from some of the AMs studies indicated that this insoluble form of plutonium might not 
entergroundwater, we used a conservative approach to address the question of whether or not the 
groundwater exposure pathway could be ruled out of the current analysis. We understood the 
importance of groundwater and s& water pathways in the long term, and included the 
groundwater pathway in one of our scenarios. We did recognize, however, that our assessment of 
the groundwater pathway was limited by the complexity of the pathway, and includcd broad 
ranges for the value of the soil-water equilibrium distribution coefficients. 

This panel provided two key pieces of information to this independent soil action level 
study, and it is possible that fbture work done by the panel might have an impact on the results 
produced by RAC. First, the panel's research has provided a qualitative picture of movements of 
actinides through the Rocky Flats environment; namely, that they move quite slowly and 
deliberately toward the aquifer, if they move at all. Continuing research will hopefully solidify 
understanding of these processes, and perhaps produce a model for actinide movement in the 
Rocky Flats environment. Second, some of the panel's research was adapted for use in our 
independent calculations of soil action levels. We were able to use the work of Honeyman and 
Santschi (1997) to provide upper bounds on our distributions of soil-water equilibrium 
distribution coefficient. It is this quantity that, in a simple dissolved-phase transport model, 
dictates the rate of actinide movement. A summary of some of the important issues addressed by 
the Actinide Migration Panel is provided in Attachment D to this report. 

CLEANUP LEVELS AT OTJ3ER SITES 

To compare the cleanup levels or 
soil action levels, at other sites 
with those at Rocky Flats, we 
standardized the levels to the 
radiation dose that would result 
fiom being exposed to each soil 
concentration. 

The first task of the study (Task 1: Cleanup 
Levels at Other Sites) was designed to provide the 
RSALOP with a clear and unbiased evaluation and 
comparisonof previously developed soil action levels 
for the WETS and other facilities (see Attachment A). 
This task report compares cleanup levels for 239,240Pu 
at other sites to those at Rocky Flats and idcntifics 
information from other facilities that was applicable in 

conducting the independent soil action level analysis at Rocky Flats. A number of national and 

-l 
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international sites have established soil action levels, cleanup criteria, or soil concentrations that 
are either calculated or measured. The studies that were reviewed, summarize 239*240Pu soil action 
levels that were reported to be protective of human health based on reasonable land use scenarios 
and predetermined dose criteria. Soil concentrations of 241Am were also provided when available 
for these sites or facilities. n e  Task 1 report, which is included as Attachment A to this current 

, summary report, describes information for each site in terms of the dose, scenario, and potential 
exposure pathways used to calculate the cited soil action level. 

. 

The sites evaluated in the Task 1 analysis were 
0 Rocky Flats Environmental Technolo 
0 Hanford, Washington 
0 Nevada Test Site, Nevada 

0 Johnston Atoll; Marshall Islands 
0 Enewetak Atoll, Marshall Islands 
0 Maralinga, Australia 
0 Semipalatinsk Nuclear Range, Kazakhstan 
0 Thule, Greenland 

U.S. Nuclear Regulatory Commissio 

Palomares, Spain. 

To provide an equitable comparison among the 
sites, the reported soil action levels or cleanup criteria 
were normalized, or standardized, to the effective 
radiation dose. This procedure resulted in a ratio for 
each site, calculated by dividing the reported soil 
action levels or cleanup criteria by the radiation dose. 
In the report, we refer to this ratio as the soil action 
level to dose ratio. With this procedure, we were able 
to identify the factors or parameters that affected the 
outcome of the calculation to the greatest extent and 
that account for the differences among soil action 

Dose i3 a general term denoting 
the quantity of radiation or 
energy that is absorbed by the 
body. Effective dose provides a 
measure of the dose to the whole 
body, taking into account the 
dose absorbed by each of the 
target organs and the sensitivity 
of those organs to radiation. 

-- -= -levels at the different facilities; Table 2 summarizes the results of our analysis, and-appears s a  - - 
summary table in the report (Attachment A, Weber and Till, 1999). 

I _ .  . I .  . .  . . . .  :- .. . 
. . . .  

. .  . .  . 
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; .Table 2. Summary of Comparisons between Rocky Flats Environmental Technolw.'Site 
. . . . .  .-.Calculations and Those for Other Facilities .. 

. . .  . . . .  ;. . ~_ I . .  . -  .Ratio of the soil. ..... : .. Ratio of the dose to 

Location Parameter change .. . ~ ( [pa g-'I &ern-') . (mrem [pci g-']-') 

. . . . . . .  . . . . . . . . . . .  . .  . . . . . . . . .  action limit to dose : :I -soil action limit 

. .  .Rocky Flats . 'Originalcalculation :. : . .; , .. . 17 : : : : . ':' 0.06 
residential I '., ' 

. . . . . . . . . . .  . .  i . . .  L .  . . .  
. . ,  

Hanfordresidential Originalcalculation . - . -> ,,2.3 .':,., _. . : ' . ,. 0.44 
Remove meat, milk, fish, drinking ..... ...... 34 , . :  . . .  ::; ...!-., .0.03 

water pathways; change to 
RFETS.dose conversion factor" . . . .  

and mass loading 
Rocky Flats office 'Original calculation 
worker 
Hanford industrial . Original calculation 

. . .  . . . . . . . .  
. .  . . _  . 

, .  . .  . . . . .  . . .  . _ 4 .  . I .  

. _.1 . . - .  . 

. . . .  . . .  . .  . . . . . .  
' . . , .  . 

73':.. . i .  .,:I: . .  0.01 
. . . . . .  

. .  

. . .  ' .. i s . .  

. .  
worker . .  

Change dose conversion factor" and 
mass loading ::I. . . .  

Rocky Flats . Original calculation , 1 7 ' -  0.06 
residential 

Change to Nevada Test Site dose 2.8 0.36 
conversion factor" 

Nevada Test Site Original calculation 4.1 0.24 
residential 

worker 
Rocky Flats office Original calculation 73 0.01 

Change dose conversion factor 16 I' 0.06 

Nevada Test Site Original calculation 41 0.02 
industrial worker 
Rocky Flats Original calculation 17 0.06 
Johnston Atoll Original calculation 0.85 1.2 

Change to RFETS mass loading, ' 17.8 0.056 
enrichment factor, and calculate air 
concentration using RFETS dose 
conversion factor and breathing rate 

Rocky Flats Original calculation 17 0.06 
Maralinga Original calculation 0.56 1.8 

Change to RFEiTS mass loading, 17.8 0.056 
breathing rate, dose conversion 
factor 

Rocky Flats Original calculation 17 0.06 
Change to Palomares breathing rate 14.1 0.07 

Palomares Original calculation 12.3 0.08 
" Dose conversion factor (DCF) is the committed effective dose per unit intake of radioactivity through 
exposure pathways like inhalation or ingestion; the impact of the DCF on the calculations is explained more 
fully in the Independent Calculation section. 
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Our evaluation showed that the interim soil action levels e RFETS (DOEEPNCDPHE 
1996) are .significantly higher than action or cleanup levels at other facilities, even when 
ormalized to dose. We understood the reasons for these elevated levels and summarized them in 
he Task 1 report (Weber and Till, 1999). The outcome of the RESRAD calculation was strongly 
ontrolled by a few factors, or parameters, and almost without exception, it was these parameters 

that affected the differences in the soil action levels for a unit dose n sites. The parameters 
that affected the calculation‘to the greatest extent were the 

0 Dose conversion factor (solubility class of plutonium), 

ios for the other sites in terms of the 
soil concentrations and/or dose. In almost 

every case, differences between sites were explained by the different assumptions made for one 
or more of these key parameters identified. If the assumptions were aligned from 
similar ratios were achieved between Rocky Flats and the comparable sites. 

The dose conversion factor represents the committed effective dose per un 
radioactivity through the exposure pathways like inhalation or ingestion. For plutonium, the dose 
conversion factor depends, to a considerable extent, on the assumed solubility of the plutonium. 
For example, soluble plutonium has a dose conversion factor for inhalation that is about 1.4 times 
greater than for insoluble plutonium, and, more importantly, for ingestion, the dose conversion 
factor for soluble plutonium is over 65 times higher than for insoluble plutonium. These 
differences mean that form of the plutonium in the soil assumed for each site (Le., soluble or 
insoluble) greatly impacted the level of clean up that was done or required. 

The difference in the chemical form of the plutonium in the soil accounted for the difference 
in the clean up standards at several of the sites with lower cleanup standards than at the RFETS. 
For example, the plutonium in the soil at the Hanford site was soluble while the plutonium at the 
RFETS site was assumed to be in an insoluble form. When soluble plutonium was assumed for 
the RFETS, the ingestion pathway became a more dominant contributor to the dose, and the dose 

between the Hanford and Rocky Flats ratios. For the RFETS, we can determine the appropriate 
assumption based upon the oxidation state of the plutonium foun 

The mass loading parameter is a measure of the resuspension of material transferred from 
the soil surface to the atmosphere, and can vary .over orders of magnitude-depending on the 
assumed environmental conditions. Mass loading and similar resuspension parameters have been 
extensively measured at Rocky Flats under a variety of conditions, and this information was used 
to establish a plausible range of values for this parameter. If insoluble plutonium is assumed, 
inhalation will dominate dose, and mass loading will become a critical parameter. 

The breathing rate of the exposed individuals has less of an effect on the cleanup levels or 
soil action levels because the range of possible values is limited to within reasonable 
physiological boundaries. Through our evaluation of the soil action levels at other sites in Task 1, 
we identified the factors, or input model parameters that are of primary importance in 
determining the soil action levels. These input parameters are described and summarized in the 
report for Task 3, Inputs und Assumptions. 

--==per unit- intake -was -considerably-greater:=This-made -up- a-significant=portion-ofAe difference- 
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It is important to note that the Task 1 comparisons were necessarily done with the same 
version of W R A D  (Version 5.61) used in the DOEEPNCDPHE (1996) calculations. This 
dictated the parameters of importance, which may or may not have been equally important for 
later versions of the RESRAD code, depending on changes in the modeling structure. Remaining 
calculations and assessments in this project were accomplished with the latest available version of 
RESRAD, Version 5.82. 

REVIEW AND SELECTION OF COMPUTER MODELS 

A significant initial step in the project was the review of five environmental assessment 
programs that could have been used for developing soil action levels for the RFETS (Killough et 
al 1999a). The models reviewed in the Task 2 report were RESRAD, MEPAS, GENII, 
MMSOILS, and DandD. The Department of Energy (DOE) calculated soil action levels with the 
.RESRAD program (Version 5.61) previously, and part of the scope of this project was to review 
their calculations for choice of the parameter values used in RESRAD. RAC selected programs 
that were generally comparable to RESRAD and that are widely used. All five programs were 
developed under sponsorship of one or more federal agencies. The results of this discussion and 
comparison of models is contained in Attachment B to this report. 

RAC selected the programs using these criteria: 
1. Correctness of the mathematical models; that is, how well does the model account 

for exposure pathways and site features, and how consistent is the program with 
site-specific data. 

2. Validation of the programs; that is, has the program been checked or confirmed 
with data that is well documented. 

3. Source Code; that is, how available is the entire computer code to RAC, and has the 
program been documented. 

4. Platform (Le., computer and operating system) and programming language. 
5. Flexibility of operating features, that is, what is the possibility of bypassing ,the 

automatic user interface in order to specify input and output files. 

. 

I -  

Another consideration in selecting computer programs for the study was our desire to use 
state-of-the-art methods for carrving out our work, especially by incorporating .uncertainty 

. , Y  

Five environmental assessment 
computer codes (RESRAD, 
MEPAS, GENII, MMSOILS, 
and DandD) were evaluated for 
their applicability to calculating 
radionuclide soil action levels for 
the rocky Flats site. We 
concluded that either RESRAD 
or GENII could be adapted for 
the purposes of the project. 

estimates. RAC developed a method to calculate soil 
action levels that incorporates uncertainty into the 
process. The term uncertainty usually implies lack of 
knowledge about the value of a model parameter or the 
accuracy of a model prediction. RAC represented these 
uncertainties as probability distributions. Because 
inputs to the selected code were in the form of 
probability distributions, RAC carefully considered 
how suitable the various computer programs would be 
at providing a distribution of results for dose, or soil 
action levels. All five programs selected for evaluation 
could be installed and executed under some version of 

/”- e. 

the Microsoft Windows operating system and, as a result, all of the programs were accessible. 
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RESRAD was developed by DOE to evaluate the clean up.and remediation of radionuclide- 
contaminated soils at DOE facilities. MEPAS, .which was ,developed at Pacific Northwest 
Laboratories (PNL) and was commercially marketed, was applicable ,to radioactive and 
nonradioactive pollutants in many environmental media. GENII, also developed at RNL, provided 
internal and external dose estimates for exposure through all pathways that were, 'ordinarily 
considered in environmental radiological assessments. GENII had been under development for 
more than a decade and was unlikely to be modified further by its developers. MMSOILS, 

veloped for the ' Environmental Protection Agency, was a large multimedia environmental 
sport program that was. designed for screening .assessments of chemical contamination. 

Although it'did not treat radioactivity and decay chains, it was included in our review because it 
could consider radionuclides in soils. As the-project began, the DandD code was under 
development by the NRC as a screening level code for decontamination and decommissioning of 

C-regulated facilities. Each of the programs are described briefly to show how they might 
ave been used in this current project. Based on our evaluation of the available computer codes, 
RAC concluded that either RESRAD or GEND could b 
Basic information on the five codes is summarized here. 

RESRAD: The U.S. Department of Energy.(DOE) and Argonne National Laboratory 
(ANL) developed the computer program RES- (RESidual RADioactivity) to perform 
calculations to meet DOE'S criteria for residual radioactivity. .The, exposure pathways 
available in this program include inhalation, external gamma radiation from soil and airborne 
radioactivity, soil ingestion, drinking water, ingestion of vegetables, meat,, and milk. Each 
pathway can be individually switched on or off to permit the treatment of a variety of 
scenarios. The original, older version of the program from 1989 was used to calculate the 
interim soil'action levels for Rocky Flats (DOEEPNCDPHE 1996). RAC used the most 
recent version of RESRAD (Version 5.82), which differs in some ways from older versions 
that are still in use. In general, the newer version is nothing more than a windows-based 
application of earlier versions of RES-. The main difference in the newer version, 
however, is how the program treats the resuspension of soil. RAC bypassed this portion of 
the code and developed resuspension factors based on site-specific data (Aanenson et al. - 

. -- ---1999;-Ellough-et alTlgggb)r-=------~-~---- - ~- - 

MEPAS: The Multimedia Environmental Pollutant Assessment System (MEPAS) was 
developed at Pacific Northwest Laboratory under DOE sponsorship. MEPAS has 
applications for both chemical and radioactive pollutants, with built-in computation of 
human health risk. MEPAS includes air, surface water, and groundwater transport models, 
and treats all major exposure pathways. MEPAS also incorporates some of the features of 
the EPA models for particulate soil suspension by mechanical and winddriven erosion. 
However, MEPAS does not have an intrinsic capability for uncertainty analysis. Because 
Battelle Memorial Institute declined our request for pe'hnission to examine portions of the 
MEPAS source code, we were not able to consider the MEPAS program at the time of the 
project for application to the Rocky Flats site soil contamination. 

GENII: The G E M  code was designed by Pacific Northwest Laboratory to address 
exposure and dose resulting from both routine and accidental releases of radionuclides. 

Risk Assessment Corporation 
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Doses can be calculated.on an annual, committed, or accumulated basis. GENII models the 
same pathways that are included in the RES- simulations used in the previous soil action. 
levels document (DOEEPNCDPHE 1996). These pathways are resuspension and inhalation 
of contaminated soil, inadvertent soil ingestion, transfer of radioactivity into homegrown 
produce and animal products, and external exposure of the ,subject to surface soil 
contamination and contaminated airborne particles. Two resuspension models are available 
in G E M ,  including a mass loading approach that is similar to the one in RESRAD. G E M  
also has available ascenario of someone offsite who has been exposed to radioactivity that 
has been released and transported from a remote -location. The RESRAD code in its 
traditional format cannot address such an offsite scenario. GENII also considers an onsite 
groundwater pathway like RESRAD does. ‘ I  1 

MMSOILS: EPA developed MMSOILS for screeningbpurposes to estimate human 
exposure and health risk from chemically contaminated hazardous waste sites. MMSOILS 
simulates chemical transport in the atmosphere, soil, surface water, groundwater, and the 
food chain and contains a mechanism for including parameter uncertainties in estimates of 
exposure and risk. It is possible to apply MMSOILS to radionuclides in the soil, but the 
program has no complete mechanism for dealing with the decay of radioactive materials. 
RAC ruled out its use in developing soil action levels for the Rocky Flats site, given the time 
constraints of this project. 

DandD: The computer program, Decontamination and Decommissioning (DandD), was 
designed by the U.S. Nuclear Regulatory Commission (NRC) as a screening level analysis 
program to provide a simplified estimate of the dose to an average member of a screening 
group of people. The program gives a conservative estimate that is not designed to be used 
as an estimate of actual dose. The DandD code includes four exposure scenarios: building 
renovation, building occupancy, drinking water, and residential. However, at the time our 
project was underway, the exposure pathways were hard-wired into the scenarios and could 
only be removed from consideration by zeroing the annual intake of any given product. 
Furthermore, DandD was still in its first version and had not been used extensively, did not 
have published documentation, and the source code had not been released at the time our 
project began.. This situation made it difficult to use the code or to make confident 
statements about how the code functions. As a result, we ruled out the DandD code for use in 
this project. 

INPUTS AND ASSUMPTIONS TO THE MODEL 

RAC used the RESRAD computer program to calculate the soil action levels for this project. 
In order to run the code for this project, there were numerous input values and assumptions that 
needed to be selected. To do this most effectively, it was necessary to evaluate the input 
parameters and assumptions for their importance in determining the final dose and soil action 
levels for cleanup at the RFETS. We performed a sensitivity analysis using RESRAD to identlfy 
those parameters that have the greatest impact on the outcome of the soil action level calculation. 
For the parameters that were the most important to the final outcome, RAC developed site- 
specific values if data were available or created uncertainty distributions of values from published 
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literature sources if site-specific data were not available. -The probability distributions describe 
the uncertainty in the values that arises from natural variability or from lack of knowledge about a 
particular parameter. Attachment B of this current report includes our assessment of the inputs 
and assumptions (Aanenson et al. 1999). 

The sensitivity analysis was a single-parameter analysis, where a .range of values for one 
parameter at a time was evaluated. RAC used the latest version of the RESRAD code (Version 
5.82) to carry out the sensitivity analysis. This version is an update from the version used in the 
previous soil action level assessment (DOEEPNCDPHE 1996). Of over 50 parameters assessed 
for their influence on the final 
greatest extent. These parameters were: 

soil-water equilibrium 
area of contamination 
mass loading factor 
mean annual wind speed. . 

Most of our efforts focused on providing parameter values or uncertainty distributions for 
these four parameters based on site-specific data or on literature values (Aanenson et al. 1999). 
Table 3 summarizes the differences in parameter values or approach between the previous 
DOEEPNCDPHE assessment (DOEEPNCDPHE 1996) and our approach (Aanenson et ,al. 
1999; Killough et al. 1999b). 

Table 3. Values for the Four Most Sensitive Parameters for the Independent 
Calculation and Comparison with those from Previous Assessment 

Parameter DOEEPNCDPHE value RAC value 

Distribution coefficient Deterministic Treated stochastically based on Rocky Flats 
Pu = 218 cm3 g-' 
Am = 76 cm3 g" 

measurements and literature values; 
values (GSD") of 

.~ -- . _ _  - - - __ - - - . . . . - - -. - . ~- - 

U = 2.3 cm3 g-' (5.4) 
Area of Contaminated 40,000 m2 Defined based on historic soil concentration 
Zone measurements at Rocky Flats (see report text) 
Mass loading Model will be calibrated based on results of soil 

and airborne concentration (see report text) 
Mean annual wind Will use 5-year annual average STAR data set 
speed RESRAD Version 5.61 collected at Rocky Flats met station . 
"GSD = geometric standard deviation, which is a measure of the extent of the distribution 

0.000026 g m-3 

Not required for 

The distribution coeficient is important in the soil action level assessment because it defines 
the relationship of the concentration of the contaminant in the soil to the concentration of the 

' contaminant in water, and can influence calculations involving contaminants in the groundwater. 
RAC included groundwater as a source of water in the rancher scenario. The distribution 
coefficient, called the Kd value, can extend over a very wide range even for a single type of soil, 

J ,  
Risk Assessment Corporation 
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so it was important to incorporate as much data as possible in our assessment. We created a wide 
distribution’of values for uranium, plutonium, and americium, based on an extensive review of 
the published literature. In our assessment, the distribution for each radionuclide is defined by the 
geometric standard deviation, which gives an estimate of how much uncertaintytherejs about the 
midpoint (geometric mean or median). 

The area of contaminated zone is a parameter required in the RESRAD code that defines a 
specified area in which the contamination is uniformly distributed. Unfortunately, for much of the 
area around Rocky Flats, especially east of the 903 Area, the plutonium concentrations can vary 
by more than 100 times. This makes it difficult to assume a uniform area of contamination and 
still have a large enough area where contamination is defined.. To <address this issue, RAC 
compiled historic soil monitoring data from the Rocky Flats area to create contours of 
contamination at and surrounding the 903 Area. These data represent .the actual contamination in 

The term mass loading is a measure of resuspension of soil from the ground. Resuspension 
is a complex process that is affected by many environmental factors that have not been well 
documented. The current version of RESRAD uses a mass loading factor to define resuspension 
but even the developers of RES- stressed its inadequacy at representing actual conditions at a 
given site. As a result, RAC used historic air monitoring data as the best measure of resuspension. 
RAC considered the location of each scenario onsite where the hypothetical person resides and/or 
works and used actual air monitoring data in combination with the soil contamination data to set 
up a relationship between concentrations in air and soil that was used to estimate resuspension. 
This process bypasses the area factor calculation in RESRAD and defines resuspension based on 
actual air monitoring data. 

The mean annual wind speed, not required in the previous version of RESRAD, is important 
in estimating resuspension in the current R E S W  version. Because we estimated resuspension 
based on site-specific air monitoring data, it was important to use site-specific meteorological 
data, too. RAC used a 5-year average wind speed and atmospheric stability class information from 
the onsite Rocky Flats meteorological station. The effect of high wind events on moving 
contamination from the 903 Area before it was covered with an asphalt pad was evaluated in the 
Historical Public Exposure Studies on Rocky Flats. Because high wind results in lower air 
concentration than would be expected if the same material was dispersed over a longer period of 
time during average wind speed conditions, we did not evaluate high wind events separately in 
this project. 

soil and were used in RESR4D to help calculate soil action levels. \ 

Less Sensitive Parameters 

Six parameters were found to affect the outcome of the calculation only slightly. These 

soil-to-plant transfer factors 

parameters are 
cover depth (depth of soil that must be removed to reveal the contaminated soil) 
fraction of the total outside air contamination that is available indoors (indoor dust 
filtration) 

depth of soil mixing layer (depth of uniform contamination) 
fraction of irrigation water contaminated by groundwater, and 
thickness of contaminated zone (non-uniformly distributed). 



. . .  
. . .  

., . . .  , . .  
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For cover depth and indoor dust filtration, we used the values from the interim 
DOEEPNCDPHE assessment (DOEEPNCDPHE 1996). For the other four, we selected a value 
more consistent with studies published in the open scientific literature.. For the depth of soil 
mixing layer, or the depth over which soil is uniformly distributed, we selected a value of 0.03.m, 
instead of 0.15 m, based on published studies at Rocky Flats that help define this depth. For the 
thickness of the contaminated zone, we selected a value of 0.20 m, instead of 0.15 m, based on 
studies that show the contamination at Rocky Flats is distributed over the top 20 cm (0.20 m) of 
soil, with very little movement of the contamination over the past 20 years. For the fraction of 
irrigation water contaminated by groundwater (irrigation water contamination fraction), we 
determined that groundwater might be used for irrigation purposes or as a source of drinking 
water. As a result, we assumed that all of the groundwater used for irrigation would be 
contaminated (irrigation contamination fraction = 1.0). In the previous assessment, .it was 
‘assumed that none of the water would be contaminated (irrigation contamination fraction = 0). 
Soil-to-plant transfer factors quantify that portion of Contamination in soil that is transferred to 
plants via root uptake. While the previous DOEEPNCDPHE assessment used a deterministic 
approach, we considered the uncertainty ranges of these factors based on recent studies (NCRP 
1999). This screening methodology suggests distributions for soil-to-plant transfer factor that 
reflect uncertainty resulting from different soil conditions, soil types, and soil chemistry. 

Other Parameters 

The other parameters required to run the RESRAD code were not sensitive to changes in 
values, and so additional effort was not given to changing or revising the value from that used in 
the previous assessment. For some parameters, RAC changed the previous value somewhat, or the 
method of calculating the parameter value, based on a consistent approach. For example, RAC 
used the external gamma shielding factor of 0.7, along with the time spent indoors, outdoors, and 
offsite to calculate occupancy factor. This method is more straightforward than that used 
previously. We also evaluated and summarized recent studies that clearly show that plutonium in 
the soil at Rocky Flats is insoluble and thus may not get into the groundwater. However, we 

-- calculated the groundwater pathway in our exposure scenarios. -Our assessment showed-that 
groundwater can have an impact on dose that needs to be recognized, but there are many aspects 
of the groundwater calculations, particularly the process of actinide migration, that need to be 
better understood to make an effective quantitative evaluation of the pathway. Because of the 
severe limitations on time and resources in this study, we could only recommend that a future 
study be directed toward this type of work, particularly looking at the migration of “‘Am and its 
daughters. 

Another important parameter for RESRAD is the initial concentrations of radionuclides. In 
the previous assessment, DOEEPNCDPHE defined the initial concentrations of each 
radionuclide of interest as 100 pCi per gram. In contrast, RAC used the measured soil 
concentration data at the site to determine actual soil concentrations, initialized to the year that 
the soil action level calculations begin. This technique built in the appropriate ratios of 
radionuclides to the initial calculation of action levels. Because soil concentrations for uranium at 
Rocky Flats are primarily located in hot spots, we calculated soil action levels for uranium based 
on the concentration of uranium in hot spots, as determined from the available literature. 

Risk Assessment Corporation 
“Setting the standard in environmenU hea/th” 
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Radio- ICRP30b ICRP30 ICRP71' ICRP71 
nuclide Clearance Inhalation Clearance Inhalatio 

Class DCF Class n DCF 
"'Am w 0.444 M 0.155 
usPu Y 0.288 S 0.059 
=9Pu Y 0.308 S 0.059 
244u Y 0.308 S 0.059 
"'Pu Y 0.00496 S 0.00063 
"u Y 0.132 S 0.035 
235u Y 0.123 S 0.031 
"8u Y 0.118 s 0.030 
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ICRP ICRF'30 ICRP ICRP67 
30 fl Ingestion 67d f1 Ingestion 

0.001 0.00364 0.0005 0.00074 
O.OOOO1 0.0000496 0.0005 0.00085 
O.oooO1 0.0000518 O.OOO5 0.00093 
O.oooO1 O.oooO518 0.0005 0.00093 
O.oooO1 0.00000077 O.OOO5 O.ooOo2 
0.05 0.000283 0.02 0.00018 
0.05 0.000267 0.02 0.00017 
0.05 0.000269 0.02 0.00017 

DCF DCF 

Plutonium Solubility and Dose Conversion Factors 

Results from ongoing Actinide Migration Studies (AMs) at the site helped characterize the 
chemical and physical form of plutonium at the Rocky Flats site (See Attachment D).. The 
plutonium that is found in Rocky Flats soil is generally highly insoluble and attached to soil 
particles. Plutonium mobility is another area under investigation by the AMs researchers that 
may play an important role at the site. These solubility studies guided the dose conversion factors 
selection for plutonium and other radionuclides. Insoluble forms of plutonium are classified as 
slow clearance materials. RAC has researched the most updated values available for dose 
conversion factors from ICRP (1999) and used them in our calculations. These newer values 
account for reduced uptake of plutonium from the lung based on the new respiratory tract model. 
The newer model accounts for changes in the relative amount of material entering the GI-tract 
from the respiratory tract and also address the dose to specific cell populations that are at depth in 

. the airways rather than the "smeared dose" used in the earlier version. Table 4 shows the most 
recent values for inhalation and ingestion dose conversion factors in comparison to the values 
from ICRP 30 for the radionuclides of interest at Rocky Flats. Dose conversion factors do exhibit 
some limited age dependence. For very young babies (0-3 months), the ingestion pathway is more 
important with a dose conversion factor for ingestion about 16 times higher than in adults. All 
other ages have ingestion dose coefficients somewhat less than a factor of 2 higher than the adult 
values. 



I 

We developed and described seven scenarios for 
the project, including the three scenarios described in 
the previous assessment (DOE/EPNCDPHE 1996), 
along with four additional scenarios that RAC 

.proposed after numerous discussions with the 
RSALOP at the monthly soil action level meetings. 
Parameter values for the DOEEPNCDPHE 
(residential, open space user, and office worker) and 
RAC scenarios (current industrial worker, resident 
rancher, infant of rancher, and child of rancher) are 
summarized in Table 5. In designing the scenarios, 
we carefully considered offsite exposures so that if 
the person living onsite full-time is protected, then 
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RAC evaluated seven scenarios. 
We developed four scenarios with 
inputporn the radionuclide soil 
action levelpanel and included 
three scenuriospom theprevwus 
DOE/EP'CDPHE assessment. 
We created our scenarios to 
ensure that if the person living 
onsite fill-time is protected, 
person living offsSite will be 
protected. I 

Scenarios 

8 .  

" ' Y  fb 

The scenarios are described and defined by numerous parameters, some much more 
important than others. The scenario parameters include breathing rates for various activity levels 
and ages, soil ingestion rates for children and adults, fraction of time spent indoors and outdoors, 
and the potential use of or exposure to contaminated water from the area. We have focused our 
greatest effort on establishing values for breathing rate and soil ingestion, as these are parameters 
in which the panel expressed primary interest. Selecting 
parameter values for breathing rate and soil ingestion 
were based on published breathing rate studies. We 
defined distributions of breathing rates for active and 
sedentary adults, children and infants. Using these 
distributions and the recommended breakdowns of daily 
activity for each scenario, we created distributions of 
scenario breathing rates. We then selected the 95th 
percentile value from that distribution for the annual 

Because this study was 
prospective and had the goal of 
protecting potentially exposed 
people from radiution in the 
future, we considered several 
exposure scenarios to cover the 
varied and possible uses of the 
land in the future. 

~ _ ~ _  ~ ~~- breathing -volume. --A similar process was used to - _ _  . . .  . ~- ~. 

establish soil ingestion rates for the hypothetical individuals in the scenarios. While soil ingestion 
rates based on studies conducted from a few days to a few weeks are valid and important studies, 
it is important to carefully consider the implications of translating this daily soil ingestion rate to 
an annual soil ingestion rate. For these reasons, we have selected the 50th percentile, or median, 
of the distribution as the daily soil ingestion rate for our scenarios. 

For the remaining parameters, we used the literature to select values, which in some cases 
differ from the RESRAD default values or the DOEEPNCDPHE scenarios (DOEYEPNCDPHE 
1996). For example, we included the drinking water pathway in our assessment and assumed an 
annual drinking water intake of 730 liters per year. The current DOEVEPNCDPHE scenarios did 
not include drinking water as a potential pathway. We also recommended higher annual 
consumption rates for fruits, vegetables, and grains based on published literature values than 
those used in the previous assessment. All scenario-related parameters are treated 
deterministically in this analysis. Table 5 summarizes the key features of the exposure parameters 
used in our calculations. 

~~ 
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Table 5. Scenario Parameter Values for DOE and RAC Scenarios 
DOEEPNCDPHE 

scenarios RAC scenarios 
Nonrestrictive 

.Child of Infant of Site 
Open office Resident rancher rancher industrial 

Residential space worker rancher (10 yr) (2 yr) worker Parameter 

Scenario name 
DO= limit (mrem y-'1 . 

Time indoors onsite (a) 
Time outdoors onsite (%) 

, Breathing rate (m3 7') 
Soil ingestion (g y-'1 
Irrigation water source 

Irrigation rate (m y-') 
Onsite drinking water 

Drinking water ingestion 

Drinking water ingestion 

Fraction of contaminated 
homegrown produce 

Fruits, vegetables and 
grain consumption (kg 

, T h e  on the site (h y-') 

source 

(L d-9 

(L 7') 

7') 
Meat (kg y-') 

DOE- 1 
15/85 
8400 
100 
0 

7000 
70 

Ground- 
water 

1 
no 

na 

na 

1 

40.1 

na 

DOE-2 DOE-3 
85 85 
125 2000 
100 100 
0 0 

175 1660 
2.5 12.5 
naa NA 

na na 
no no 

na na 

na na 

0 0 

na na 

na na 

RAC-1 
15 

8760 
60 
40 

10800 
75 

Ground- 
water 

1 
Ground- 

water 
2 

730 

1 

190 

95 

RAC-2 RAC-3 
15 15 

8760 8760 
750 90 
25 10 

8600 1900 
75 75 

Ground- Ground- 
water water 

1 1 
Ground- Ground- 

water water 
1.5 1 

550 365 

1 1 

240 200 

60 35 

RAC-4 
85 

.40 
60 

3700 
50 
na 

na 
no 

na 

na 

0 

na 

2100 

na 
Milk (L y-' ). na na na 110 200 170 na 

METHODOLOGY FOR DETERMINING SOIL ACTION LEVELS 
. .  

RACs method of calculating RSALs used a mathematical technique called sum-of-ratios. 
This method determines a ratio of the concentration of each radionuclide in soil divided by the 
respective soil action level. For a single radionuclide, scenario, and dose limit, the soil action 
level is that concentration of the radionuclide in the soil that would lead to a maximum predicted 
ahnual dose equal to the annual dose limit. When considering multiple radionuclides, a ratio is 
detennined for each radionuclide, then the ratios are summed for all of the radionuclides. If the 
sum exceeds 1 for one or more of the exposure scenarios, then some action or special attention is 
indicated. If the sum of ratios is less than or equal to 1, the interpretation is that no annual dose 
limit would be exceeded, and by that criterion the radionuclide levels are acceptable. If only one 
radionuclide is present, the sum of ratios reduces to a single ratio, but the interpretation is the 
same. 
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represents a single number, typically without indications of 
uncertainty. In this case, when the ratios of radionuclide 
levels divided by soil action levels are summed and 
compared with 1, the sum of ratios is itself a deterministic 
quantity; that is, a single number, with typically no 
indication of uncertainty. This is the approach used in the 
interim soil action level calculations (DOE/EPA/CDPHE 
1996). 

Yet the movement radionuclide through 
environmental media and ble contact with people 
is an uncertain process, and mathematical models are used 
to simplify these processes. The natural variability and lack 
of complete knowledge about the parameters means that 
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A deterministic cazculation 
invOzves inputfactors, Or 

parameters, that are singze 
numbers wiih the 
being a sing1e number. On 
the other hand, a stochastic 
calculation takes into 
account the uncertainties Of 
the inputparamete*9 and 

in a Of 
possible resuzts* 
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Distribution of Y 

: ' I  , ... ....,.;. . ._ 
. Stochastic (Monte Carlo) 

1 .Distrib&on ofA. ' ;  ' - .  

Sample randomly from A . . . Construct Y 

Apply the 
model to 

each 
random 

value. . . 

Assemble 
the results. . . 

Figure 1. The Monte Carlo method for doing stochastic calculations. The model is run 
numerous (N) times, each time with a different value for the input parameter, A, randomly 
.selected from the probability distribution. The model calculates the numerous (N) output 

. valued for Y, which are constructed into the form of a distribution. 
' ,  
. In summary, our methodology incorporates environmental dose models that estimate dose 

from specified concentrations of radionuclides in environmental media and the specified annual 
limit for radiation dose to each scenario receptor resulting from exposure to Rocky Flats 
radionuclides. The exposure pathways considered included inhalation, soil and food ingestion, 
and external irradiation. In addition, groundwater use for both irrigation and drinking water was 
assumed for some scenarios. We also considered the effect of a prairie fire, which would remove 
the vegetative cover and result in increased resuspension of soil for a period of time, because such 
a fire, although not common, is possible 

INDEPENDENT CALCULATION OF THE SOIL ACTION LEVEL 

RAC presented the results of its independent assessment and calculation of radionuclide soil 
action levels at Rocky Flats in the Task 5 report (Killough et al. 1999b; Attachment B). For the 
calculations, we used the RESRAD Version 5.82, an updated version of the RESRAD program 
used for the earlier calculations. Details of our technical approach for determining isotopic ratios, 
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estimating concentration of plutonium in air, calculating alternative groundwater dose from 
measurements in the literature, providing perspective on risk, and describing other computational 
details of the RSAL calculations are part of Appendix B of this current report (Killough et a1 
1999b). We developed and illustrated the methodology for selecting RSALs for the Rocky Flats 
site and presented the results as distributions of possible values for each of seven exposure 
scenarios. Each scenario specifies an annual limit for radiation dose to the receptor resulting from 
exposure to Rocky Flats radionuclides. We illustrated how the methodology can be used to select 
RSAL values for a particular probability of not exceeding the prescribed dose limit. Radionuclide 
soil action levels are presented for plutonium isotopes for seven scenarios: the three DOE 

enarios and the four RAC scenarios, and for uranium isotopes (234U, 235U, and u8U) for three 
enarios: %the DOE resident (DOE-1), the RAC rancher (RAC-l), and RAC child (RAC-2) 

so explained the scenarios, important pathways, and radionuclides contributing to 

are described for each of the seven exposure scenarios'. For the DOE scenarios, 
we calculated .-RSALs stochastically using our methodology. Therefore, the results of the 
calculations cannot and should not be directly compared because of differences in the methods 
and parameters used. For the three DOEEPNCDPHE scenarios, these differences are attributed 
to the differences in the dose conversion factors (we used the more recent ICRP Publication 72 

--DCFs, which tend to be higher for ingestion and lower for inhalation) (ICRP 1996), and the 
resuspension model used in the RAC calculation, which results in a lower concentration of 
plutonium in air for a given soil concentration than the original DOJ3EPNCDPHE calculation. 

- Consequently, the relative importance of the inhalation pathway diminishes in our calculation. 
Our RSALs include the sum-of-ratios calculation whereas the DOEEPNCDPHE RSALs do not. 

0 DOE-1 (residential): This scenario was part of the original RSAL calculation 
l (DOEEPNCDPHE 1996). The RSALs calculated with our methodology represented this 

same scenario calculated stochastically. Using the RAC methodology, at the 10% level (90% 
probability that the dose limit would not be exceeded), the RSALs are 170 pCi g-' for the 15 
mrem dose limit and 960 pCi g-l at the 85 mem dose limit. Soil ingestion accounts for over 
90% of the total dose, followed by inhalation (5%) and external exposure (3%). This differs 
substantially from the breakdown-of- dose by =pathway and- nuclide in DOIYEPNCDPHE = 

(1996), where, for 

DOE-2 (open space user): This scenario resulted in the highest (least restrictive) RSALs. It 
~ assumes that the site remains as open space and will not be developed in the future. The total 

dose was dominated by the external exposure (ground) pathway followed by the soil 
ingestion pathway. This breakdown is similar to the breakdown of doses determined by 
DOEYEPNCDPHE (1996), except inhalation was more important in the DOEEPNCDPHE 
calculation. Like the DOEEPNCDPHE resident, these differences are attributed to several 
factors that include dose conversion factors and resuspension. The ICRP Publication 72 DCFs 
that were used in our calculations tend to be higher for ingestion and lower for inhalation. 
The resuspension model used in our calculation results in a lower concentration of plutonium 

\ 

inhalation was the pathway of concern. 

0 

- 

It is important to note that the RSALs provided in this draft summary report may change based 1 

on the final calculations and revisions to the Task 5 report. 
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in air for a given soil concentration than the original DOJEPNCDPHE calculation. 
Applying the 15 mrem dose limit to our calculations results in RSALs at the 40% level (a 
90% probability that the 15 mrem dose limit will not be exceeded) for 2 3 ~  of 1700 pCi g-I. 

DOE3 (office worker): This 'scenario was- part of the original RSAL calculation 
(DOEEPNCDPHE 1996). The RSALs presented here represent this same scenario 
calculated stochastically using the methodology RAC developed. As an example of the RAC 
methodology, the RSALs at the 10% probability level (90% probability that the dose limit 

' would not be exceeded), are 620 pCi g-' for the 15 mrem dose limit and 3500 pCi g-' at the 
85 mrem dose limit. Soil ingestion accounts for over 90% of the total dose followed by 

'external exposure (6%) and inhalation (3%). As with the other two DOE scenarios, this 
differs substantially from the breakdown of dose by pathway and nuclide in 
DOEEPNCDPHE (1996), where for u ~ ,  inhalation was the pathway of concern. Like the 

s DOEYEiPNCDPHE resident and open space user, the office worker scenario differences are 
attributed to several factors that include dose conversion factors and resuspension. 
Consequently, the relative importance. of the inhalation pathway diminishes in our 
dculat ion.  

RAC-1 (resident rancher): For the RAC scenarios (Table 5), the nonrestrictive or full-time 
resident rancher scenario assumes future loss of institutional control. The rancher is raising a 
family, maintaining a garden, and leading an active life at the site. Of the 8760 hours spent at 
the site, over 40% is spent outdoors. We calculated soil action levels for two cases: one that 
considered the vegetation cover currently at the RFEiTS and the other that considered 
conditions after a fire that burned off most of the vegetation and no longer provided stability 
to the surface soil. We also consider groundwater as a source for irrigation and drinking 
water. When the water pathways are on for this scenario, the dose in the no-fire situation is 
lower (RSALs higher) than the same situation with the water pathways off. This is because 
the assumed irrigation rate of 1 m y-I, combined with some radionuclide movement, results in 
a substantial increase in the removal of radionuclides from surface soil via leaching without 
the actinides reaching the aquifer during the duration of the simulation. For the fire scenario, 
results with the water pathway on and off are almost identical because doses are driven by 
inhalation of resuspended soil. For the no-fire scenario, soil and plant ingestion account for 
-90% of the total dose. For the fire scenario, inhalation accounts for most of the dose. Soil 
and plant ingestion are based on fixed parameters (soil ingestion rate, mass loading on plants, 
root uptake, and plant ingestion rate), while inhalation is dependent on the air concentration, 
which is considered stochastically in the calculation. Consequently, the distribution for the 
no-fire occurrence exhibits less variability compared to the occurrence of fire because 
parameters treated stochastically only account for -4% of the total dose. 

RAC-2 (child): The child of the rancher family is assumed to be 10 years old and onsite 8760 
hours per year. Like the resident rancher scenario, RSALs for the child scenario were 
calculated for two cases: one that considered the vegetation cover currently at the RFETS and 
the other that considered conditions after a fire burned off most of the vegetation, 
compromising stability of the surface soil. The scenario including the effects of the fire may 
yield the most restrictive RSALs. When the water pathways are on for this scenario, the dose 
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- in the no-fire situation is lower (RSALs higher) than the same situation with the water 

pathways off. As with the resident rancher scenario, the assumed irrigation rate of 1 m y-’, 
combined with some radionuclide movement, results in a substantial increase in the removal 
of radionuclides from surface soil via leaching, without the actinides reaching the aquifer 
during the duration of the simulation. When ,the effects of the fire are considered, the 
resulting doses with the water pathway on and off are almost identical because doses are 
driven by inhalation of resuspended soil. When the fue is not included, soil and<plant 

I ingestion account for -90% of the total dose. When the, fire is sidered, inhalation accounts 
for over 80% of the dose with the remainder made up by pl d soil ingestion. Soil and 
plant ingestion are based on fEed parameters (soil ingestion rate, mass loading on plants, root 
uptake, and plant ingestion rate), while inhalation is dependent on the air concentration, 
which is considered stochastically in the calculation. 

RAC-3 (Infant of rancher): The infant in rancher family is 2 years of age and onsite 8760 
hours per year. Like the rancher scenario, RSALs for the infant scenario were calculated for 
two cases: one that considered the vegetation cover currently at the RFETS and the other that 
considered conditions after a fire that burned off t of the vegetation, compromising 
stability of the surface soil. The fire scenario may provide the most restrictive RSALs. When 
h e  water pathways are on for this scenario, the dose in the no-fire situation is lower (RSALs 
higher) than the same situation with the water pathways off. This is because the assumed 
irrigation rate of 1 m y-I, combined with some radionuclide movement results in a substantial 
increase in the removal of radionuclides from surface soil via leaching, without the actinides 
reaching the aquifer during the duration of the simulation. When the fire is considered, the 
doses with the water pathway on and off are almost identical because doses are driven mainly 
by inhalation of resuspended soil. The results for this scenario differ from the rancher and 
child scenario where the ingestion of food products (milk, meat, and vegetables) made up a 
larger fraction of the total dose. For the infant scenario, doses from the ingestion of food 
products accounted only for less than 0.1% of the total dose. Inhalation accounts for almost 
80% of the dose for the fire occurrence, with the remainder made up by soil ingestion. Soil 
and plant ingestion are based on fixed parameters (soil ingestion rate, mass loading on plants, 
root uptaketand plant ingestion-rate);while-inhalation is dependent on the air concentration, - 
which is considered stochastically in the calculation. 

RAC-4 (onsite aworker): $The current onsite industrial worker scenario assumes a person 
works onsite 8% hours per day, 5 days per week, 50 weeks a year, or 2100 hours per year. It 
is assumed that 60% of the worker’s time is spent outdoors. The potential pathways of 

. exposure for this person include inhalation, direct soil ingestion from outdoor activities, and 
direct gamma exposure from the soils. The annual breathing rate is 3700 m3 per year, based 
on a time-weighted average of breathing rates and activity levels for the time spent onsite. 
This scenario restricts the amount of time the receptor is onsite and ingestion pathways are 
limited to soil. Consequently, RSALs are considerably higher compared to the rancher, child, 
and infant scenarios. In addition, the dose limit for this scenario is set at 85 mrem, compared 
to the rancher, child, and infant scenarios set at 15 mrem. Doses are dominated by soil 
ingestion (68%), followed by inhalation (23%) and external exposure (9%). This scenario 
may be important if land use at the RFETS is restricted to industrial operations and office 
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space. Using the RAC methodology at the 10% level (90% probability that the dose limit 
would not be exceeded), the soil action levels are about 850 pCi g-' for an 85 mem dose 
limit. 

0 

For each scenario, we presented distributions of the radionuclide concentration as a function 
of the probability of exceeding the dose limit. An example of the calculational output is shown in 
Figure 2. For example, if one chose RSAL values at the 5% to 10% probability level, this means 
there is a 90% to 95% probability that the dose limit will not be exceeded. 

,, . I  . .  . .  

.--------- K '  3% chance of exceeding MAL l w  [or 95% chance of NOT exceeding RSAL) 
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d. 1999b). Distributions of radionuclide soil 
action levels were presented for plutonium 
isotopes for seven scenarios: &e three DOE . 
scenarios and the four RAC scenarios. For 
each of the RAC S C ~ M ~ ~ O S ,  soil action levels 
were calculated for two cases: one that 
considered the vegetation cover cyrently at 
the WETS and the other that considered 
conditions after a fire. Following a fire, it was 
assumed that most of the vegetation would be 
burned off and would no longer provide 
stability to the surface soil. 
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me Rmounts of the ra~ionuclides 
consi&red in the c~culm*on and 
present in soil ivere determined relative 
to 2 3 9 , 2 4 0 ~ ~ .  neyare: 
Rn&onuc-i& Relatilte concentr&ion 
2 3 9 ~ 4 0 ~  1 
24iXm 0.111 
mNP 0.000000786 
~8~ 0.0132 
~ 4 2 ~  0.00000 762 

------ )- 50% chance of exceeding RSAL I 

10% chance of exceeding S A L  
(or 90% chance of NOT exceeding RSAL) 
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background, but the history of this contanunation is different from that -of tlie anicriciuni and 
plutonium from the 903 Area. For uranium, \we assumed fixed isotope ratios for the 2’4U, ”.’U, 
and 238U present at the site and expressed the composite uranium level in terms of a single 
isotope, =‘U. The reported calculations incorporate estimates of parameter uncertainty, and 
results for each scenario are presented in terms of the probability that the dose.limit will not be 
e 

d drinking water 
ingestion was evaluated. Our calculations showed that, in general, it takes greater than 1000 years 
for radionuclides to travel from the contaminated surface zone to the aquifer. For the year of 
.maximum predicted dose (the first year, or in 2000), no activity would reach the groundwater, so 
no dose is predicted fi-om this pathway. However, we stressed that the groundwater pathway is 

complex, and itsstreatment within the RESRAD code is quite simplistic and nlay not 
ately address the impact of groundwater over time. .Future research into lgroundwater 

transport properties at Rocky Flats or new discoveries about site-specific distribution coefficients 
could affect these calculations and may need to be taken into account. Howevcr, rapid transport 
via groundwater pathways would act to deplete surface contamination, and the<.incrcase in 
groundwater concentration would likely be offset by the decrease in surface soil concentration. 
Therefore, although changes in estimated transport of radionuclides through the groundwater may 
occur as better information is discovered, we believe these changes will likely not be great 
enough to cause the dose limit to be exceeded. Results of our RSALs calculation are summarized 
in Attachment B. 

RSALs were also presented for uranium isotopes (234U, ”’U, and 238U) for three scenarios: 
the DOE resident (DOE-l), the RAC rancher (RAC-l), and RAC child (RAC-2) scenarios. The 
DOE resident scenario was chosen for tomparison with RAC’s methodology. The rancher and 
child scenarios were chosen because these scenarios yielded the ,most restrictive RSALs for 
plutonium. A significant difference between the DOE methodology and our methodology was the 
area of contamination assigned to uranium contamination. The DOE methodology assumed the 
area of uranium contamination was the same as plutonium (40,000 m’). Our investigation 
indicated that uranium contamination is not as widespread as plutonium contamination and is 

past disposal areas or burn pits. Therefore, we treated die uranium 
contamination as a hot spot and resthsed its area to 100 m2. For uranium, the major pathways of-- 
exposure depended on whether a fire was assumed. Without a fire, external exposure from the 

, given levels of 23*240Pu and =‘U. 
significance of groundwater contamination expos 

inly limite 

ground was dominant; with a fire, inhalation was the major pathway. 
We also considered the question of exposures offsite if institutional controls are imposed that 

prevent the public from using the land in the long-term future. In that case, the nearest resident 
could live to the east of the facility at Indiana Street. R4C calculated offsite dose to an individual 
living offsite from resuspended plutonium originating onsite. As an example of our calculations, 
the RSAL corresponding to the 5% to 10% level of probability is approximately 30 pCi g-’. This 
offsite resident receives the majority of the total dose from resuspension and inhalation of 
contaminated soils, as well as deposition of those resuspended soils, making them available for 
ingestion. 

SOIL SAMPLING PROTOCOL 

An important goal of the project was to develop recommendations for a soil sampling 
protocol for use at the WETS to obtain soil concentration data for comparison to the soil action 

Risk Assessment Corporation 
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levels. 'Sampling protocols are written descriptions of the detailed procedures to be followed in 
collecting, packaging, labeling, preserving, transporting, and documenting the samples. 
Attachment C contains the soil sampling protocol recommendations, reviews existing procedures 
and protocols for soil sampling, evaluates the quality assurance procedures for sampling, and 
describes soil sampling protocols based on statistical methods detail (Thorne and Rood 1999). . 

Sampling protocols are generally developed using clearly defined guidelines by the EPA and 
DOE. These guidelines incorporate the iterative data quality objective (DQO) process and require 
DOE and its contractor to evaluate several important considerations. These considerations include 
evaluating sampling and analytical costs in relation to available resources -and accepting ,potentid 
decision errors that may result in remediating sites that are judged contaminated when they are 
actually below the soil action levels. Conversely, developing a .sampling Lprotou)i must also 
incorporate the concerns of the general public 'and other stakeholders, which are represented by 
the RSALOP and the soil action level study. Because ofthe complexity of developing sampling 
protocols, with the inherent need to balance the concerns of DOE and the RSALOP, developing a 
comprehensive sampling protocol., was not considered possible. Rather, RAC.. recomfnended 
elements of la soil sampling protocol considered essential to ensure that reprkentative soil 
samples are collected for comparison to the soil action levels. These recommendations were 
provided to the RSALOP for presentation to DOE and its contractor, Kaiser-Hill Company, for 
incorporation into the soil sampling protocol and procedures to be used for the soil action level 
study. 

RAC conducted a review of the current sampling program used at the WETS and found that 
a specific sampling protocol for the soil action levels study had not been developed. However, 
during this review, several procedures were identified that are available in the Rocky Flats 
program for incorporation into a sampling protocol. Current procedures for packaging, labeling, 
preserving, transporting, and documenting the samples were considered appropriate for use in a 
soil sampling protocol for the soil action levels study. Therefore, the main emphasis of the 
sampling protocol recommendations reported in Task 6 (see Attachment C) was directed toward 
sample collection and sampling designs. Task 6 reviewed several methods currently in use at the 
RFETS for collecting soil samples. The main concern with sample collection was to ensure that 
representative samples of the surface soil (i.e., 0 to 20cm depth based on the conceptual model 
for the soil action levels) are collected. Soil sample collection protocols must be based upon the 
conceptual model used to derive the soil action levels to ensure that representative.soi1 samples 
are collected. 

Task 6 also presented recommendations for a soil sampling protocol to support the final 
status survey. The final status survey determines the final condition of the site and is performed 
after decontamination activities are complete. This survey provides the data to demonstrate that 
radionuclide concentrations in soil satisfy the established soil action levels. On the other hand, 
recommendations for a sampling protocol in support of remedial action were not developed for 
the Task 6 report. Soil sampling in support of remedial action is an important concept, however, a 
large number of soil samples have already been collected for use in evaluating the nature and 
extent of contamination in the surface soil at the RFETS (see the Task 3 report). Several studies 
detailing the nature and extent of contamination in the su&m soil at the RFETS have also been 
conducted and are available for use in evaluating remedial requirements. 

l e 
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RAC provided several recommendations for the support of developing a surface-soil 
sampling protocol for the final status survey. The-following list summarizes some of the 
recommendations (see Attachment C for the full list). RAC recommended that 

The data quality objective (DQO) process be used to develop the soil sampling protocol 
for the final status survey. 
DOE appoint representatives from the RSALOP for inclusion on the DQO planning team 
The RSALOP ,select discrete values from the soil action level distributions, for each ’ 

0 

radionuclide, and use these discrete values for comparison to the soil concentration data. 
Soil samples be collected using profile sampling. 
Profile sampling bexonducted in soil depth increments of 0-3 
the resuspension model parameters used to develop the soil acti 
Soil samples should not be composited; rather, individual 
analyzed for radionuclide contaminants. 
Soil samples llected using a systematic grid ling design, w1 
point. 
A statistician familiar with the WETS and environmental statistical designs be included 
on the DQO planning team. 
The arithmetic mean of the soil concentration data and its associated uncertainty at the 
upper 95% confidence interval be used for comparison to the soil action levels. 
The non-parametric statistical tests, called MARISSIM and developed by the Nuclear 
Regulatory Commission in 1997, not be used for the soil action level study because these 
tests compare the median value of the sample distribution to the soil action levels. 
Spatial correlations be investigated to determine their presence in the survey unit of 
interest. 
In situ gamma spectroscopy measurement be performed to identify potential hot spot 
locations. 
Hot spots identified by soil samples or in situ gamma spectroscopy measurements be 
investigated further to delineate the size of the hot spot and to determine the upper 95% 
confidence interval of the mean radionuclide concentrations contained in the hot spot. 
The use of surrogate measurements in the final status survey. 

_. 

O E  implement G independent verifistion sufvey for the radionuclide soil action-level - - - = 

project. 

CONCLUSIONS 

The methodology and examples of RAC’s independent assessment of soil action levels for 
seven exposure scenarios are provided for the panel and others to use. The final selection of a 
radionuclide soil action level depends on a variety of important considerations. Some of these 
factors that must be considered by the panel and other agencies involved in the process include: 
the existence of institutional controls, the probability of exceeding the dose limit, the effect of 
time, the cost of cleanup, the risks associated with cleanup and the prescribed dose limit of 15 
mrem, the lifetime risk from plutonium exposure, public acceptance of the results, and the 
background of plutonium in the environment. The background level for plutonium in the 
environment around Rocky Flats is about 0.008-0.1 pCi g-’. We did consider background in the 
calibration of the resuspension model. 

Risk Assessment Corporation 
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We caution that it is not at all instructive to compare our results to the results obtained in the 
previous DOEEPNCDPHE (1996) assessment. In our final report, we included the effects of a 
grass fire on the calculation of soil action levels in a probabilistic way for every scenario. Even 
without the fire, similarities of magnitude between previous RAC.calculations and numbers 
included in the DOEEPNCDPHE document are not particularly surprising, but they do not 
reveal much about the methodologies used in calculating them. .It is important to keep in mind 
that the two sets of calculations were performed with (1) different dose conversionbctors and (2) 
different resuspension models and data. Additionally, (3) in the DOE calculation, the principal 
pathway was inhalation; in the corresponding RAC estimate, it was ingestion, and (4), the DOE 
calculation was deterministic, whereas examples of RSAL numbers using the RAC methodology 
presented here represent the 90th percentile of a stochastic simulation. If we put a RAC simulation 
that involves the fire side by side with a DOE estimate that does not consider a fire, we will run 
the risk of promoting an apples and oranges comparison. 0ur.purpose was to show how the 
assessment should be done and to present numeric results-that demonstrate our methods. We 
strongly caution against comparing the results of the two sets of calculations, as the calculations 
involve different assumptions and calculations, and the results are presented in different formats. 

S I  
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Only the first several pages of each report are included in this draft summary report. The final 2 

project summary report, to be issued in February 2000, will contain the complete reports. 
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TASK 1: CLE S AT O W R  SITES e , -  

Soil action levels are calculated to identifjl the concentration of one or more radionuclides in 
prevent people from receiving unacceptable 

dionuclides calculated for the Rocky Flats 
S) by the U.S. Dep-ent of Energy (DOE), U.S. 

the soil above which action should be 
- 

nvironmental T e c h  
nvironmental Protection Agency 

Radionuclide Soil Action &vel Oversight 
independent assessment and calculate soil action levels for Rocky Flats. Risk Assessment 

rporation (RAC) * I  wa ired to perform the 
dministering a'grant for the review. 

The first task of the s 
e RSALOP wi+ a clear 

action levels for the WETS and o 

SOIL ACTION LEVELS AND CONCENTRATIONS AT OTHER SITES 

A number of national 

. \  

have established soil action levels, cleanup 
criteria, or soil concentrations that are either calculated or measured. These soil action levels have 
been determined to be protective of human health based on a reasonable land use scenario and 
predetermined dose criteria. This section briefly summarizes each site in terms of the dose, 

-scenario, and pathways used to calculate the cited soil action level. A later section of the report 
describes the details of each calculation, including imp parameter values, and provides 
equitable comparisons, where possible. 

The one constant across all the sites is that the soil action level was calculated or soil 
concentration determined for 2399240Pu. This concentration is provided for each site. Where 241Am 
soil concentrations are available, they are also given. 

-- . - - 
~~ 

- 
- The sites evaluated-in this analysis are - - - -=- - -~ - 

0 Rocky Flats Enviro 
0 Hanford, Washington 
0 Nevada Test Site I 

0 US. Nuclear Regulatory Commission (NRC) codes for remediation 
0 Johnston Atoll, Marshall Islands . 
0 Enewetak Atoll, Marshall Islands ' 

Maralinga, Australia 
0 Semipalatinsk Nuclear Range, Kazakhstan 

Thule, Greenland 
0 Palomares, Spain. 

Risk Assessment Corporation 
"Setting the standard in environmental health" 



2 The Rocky Flats Soil Action Level Independent Review 
Task 1: Cleanup Levels at Other Sites 

Rocky Flats Environmental Technology Site 1 ’  

Soil action levels were calculated for the RFETS and documented in a 1996 report (DOE 
1996). The RESRAD computer code (Yu et al. 1993) was used to calculate these action levels for 
three different land use scenarios at two different dose levels. 

The three scenarios used in the Rocky Flats calculations were (1) an open space exposure 
scenario, (2) an ofice worker exposure scenario, and (3) a hypothetical future resident scenario. 
Action levels were calculated for 241Am, U*Pu, 239J4OPu, 24lPu, 242Pu, =4U, 235U, ‘md 238U. Soil 
action levels for the open space and office worker scenarios were calculated for the annual 
effective dose equivalent limit of 15 mrem, and the hypothetical future resident scenario soil 
action levels were calculated for both the 15 mrem and 85 mrem annual effective dose limits, as 
selected by the DOE (1996). 

p e  open space exposure scenario assumed that an individual visited the area a limited 
number of times during the year for recreation (DOE 1996). This recreation might include hiking, 
biking, or wading in creeks. For this exposure scenario, soil ingestion, soil inhalation, and 
external gamma exposure were the pathways considered. The remaining pathways available in 
RESRAD (plant ingestion, meat ingestion, milk ingestion, aquatic food ingestion, ground and 
surface water ingestion, and radon exposure) were not considered (DOE 1996). 

The office worker exposure scenario assumed an individual worked m+ly @doors, in a 
building surrounded by paved areas or landscaping. Exposure pathways considered ’ were soil 
ingestion, soil inhalation, and external gamma exposure (DOE 1996). 

The hypothetical future resident scenario assumed that a person resided at Rocky Flats all 
year and ate produce grown in contaminated soil. Pathways included in this analysis were soil 
ingestion, plant ingestion, soil inhalation, and external gamma exposure. The pathways removed 
from consideration were either inconsistent with the site conceptual model or not significant 
dosimetrically (DOE 1996). For instance, the groundwater and surface water ingestion pathway 
was removed from the analysis because it was assumed that the water found on the Rocky Flats 
site would not be sufficient to support domestic use (DOE 1996). 

In Table 1, action levels for each scenario (in units of picocuries per gram) are given for 
each dose level for the radionuclides U9.24OPu and 241Am. 

* *  

, ’  

Table 1. Soil Action Levels for Each Scenario and Dose at the RFETS (pCi g-l) 
Scenario used for soil action level calculation 

Exposure Scenario Scenario Future Resident Future Resident 
Open Space Ofice Worker Hypothetical Hypothetical 

Radionuclide (15 mrem yl) (1 5 mrem yl) (1 5 mrem yl) (85 mrem y’) 
239,240pu 9906 1088 , 252 1429 
241Am 1283 209 38 215 

These action levels are for single radionuclides. That is, each action level is calculated 
assuming that the radionuclide of interest is the only radionuclide found on site. 

~ 
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REVIEW OF THE RADIONUCLIDE SOIL ACTION LEVELS AT THE ROCKY FLATS 
ENVIRONMENTAL TECHNOLOGY SITE 

TASK 2. COMPUTER MODELS 

Abstract 
This report discusses Risk Assessment Corporation 's approach to soil action levels 
(SALs) in context with some computer programs that can be used to calculate them. A 
mathematical formulation is provided, along with an approach to uncertainty analysis 
with SALs. Dependence of SALs on exposure scenarios is emphasized. Two sets of 
scenarios are presented: (1) benchmark scenarios adopted by the Action Levels and 
Standards Framework for Surface Water, Ground Water and Soils (ALF) Working 
Group, consisting of members from the Department of Energy (DOE), the Environmental 
Protection Agency (EPA), the Colorado Department of Public Health and Environment 
(CDPHE), and Kaiser-Hill; and (2) some refined versions, which are provided for 
illustration and discussion. Five candidate computer programs were considered for their 
usefulness in estimating dose and SALs: RESRAD, MEPAS, GENII, MMSOILS, and 
DandD. RESRAD and GENII tentatively met the requirements set for future 
computations, which included not only appropriateness of the models implemented, but 
also the adaptability of the code to command-line execution from a front-end control 
program. This mode of operation would facilitate customized Monte Carlo analysis, and 
scripted preprocessing of input data and post-processing of output. 

. .  - .. . . . .  . , .  
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.l.INTRODUCTION ~ , 

This report considers specific computer models and methods that might be useful in the task of 
‘ setting radionuclide soil action levels (RSALs) for the Rocky Flats Environmental Technology Site 
(RFETS). The models here reviewed are RESRAD, MEPAS, G E M ,  MMSOILS, and DandD. They 
are reviewed for their applicability to this task based on criteria discussed in Section 4. For the 
purpose of this ieport, RSALs are defined as radionuclide-concentration (activity) levels in a 
contaminated layer in soil above which remedial action must be taken to prevent people from 
receiving &I annual radiation dose greater than a specified dose limit. The Department of Energy 

culations of soil action levels with the RESRAD program, which is a DOE 
fically for implementing the agency’s approach to residual radionuclides in 
1996). A part of the scope of this project is to review these calculations for 

the parameters that were used in RESRAD, but the review is placed in the larger context 
e scientific and technical appropriateness of the models and approach implemented in 

RAD, and whether other programs - or other modeis and approaches - might be preferred to 
e one followed by DOE. The parameter choices for W R A D  are a subject of Task 3. The goal of 
is report is a discussion and comparison of environmental assessment programs that might be’ 

r RFETS; as required by the contract, the comparison 
includes RESRAD. 

Before we can discuss the question of suitability of various computer programs for calculating 
soit action levels, we must make clear our conception of the task to which such programs would be 
applied. The goal is to protect people who may, in the near or distant future, come into contact with 
a site where radionuclides contaminate the soil at levels above background. Soil action levels are 
quhtities, one or more per radionuclide, that are computed on the basis of environmental transport 
models, annual radiation dose limits, and formal assumptions (called exposure scenarios) about the 

ture and extent of possible contact that people might have with the site. For a single radionuclide, 
nario, and dose limit, the soil action level is that concentration of the radionuclide in the soil that 

 would lead to a maximum predicted annual dose equal to the annual dose limit. For multiple 
adionuclides, the criterion is more complicated. The concentration of each radionuclide is divided 

by the respective soil action level, as previously defined. The ratios are summed for all of the 
radionuclides; and if-the sum-exceeds l-for-one or more of th cenarios, some action or 

’ special attention is indicated. Otherwise (the sum of ratios is less than or equal-to I), the  - 
interpretation is that no annual dose limit would be exceeded, and by that criterion the radionuclide 
levels are acceptable. If only one radionuclide is present, the sum of ratios reduces to a single ratio, 
but the interpretation is the same. Section 2 goes into detail about the definition of soil action 

.Our immediate point is that for each radionuclide in the soil, we calculate a quantity called a 
soil action level, which depends on environmental transport models, annual radiation dose l i d s ,  
and exposure scenarios. As a matter of common practice, each soil action level is calculated 
deterministically, which is to say that it represents a single number, typically without indications of 
uncertainty. Similarly, when the ratios of radionuclide levels divided by soil action levels are 
summed and compared with 1, the sum of ratios is itself a deterministic quantity, that is, a single 
number, with typically no indication of uncertainty. 

Yet the movement of each radionuclide through environmental media and into possible contact 
with people is an uncertain process. Although this movement is fundamentally constrained by laws 

. 

_ -  - --A - -- ~ . 

- - -=- - - -  

’ levels, the environmental transport models, and the exposure scenarios. 

. 
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of physics, chemistry, and biology, models are, of necessity, empirical simplifications of reality, 
and much of the parametric information on which the models depend is not well known. 
Contemporary modeling practice explicitly recognizes this state of a€fairs-by treating model 
parameters and state variables as probability (or uncertainty) distributions, and the calculation 
propagates the joint uncertainty in the parameters through to the endpoints of the calculation, 
which, in the case at hand, are the soil action levels and sum of ratios. 

When uncertainties in soil action levels are considered, the decision is not so straightforward 
as in the deterministic case, when the sum of ratios is a single number that is to be compared to 1. 
When the calculation is stochastic (Le., takes uncertainties into account), the sum of ratios is a 
distribution, and one must base a decision on how probable it is that the sum exceeds 1. If that 
probability is small, then one may be willing to forgo action, even though there is some 
acknowledged possibility that some annual dose limit could be exceeded (indeed, that possibility 
nearly always exists, even though many conventional calculations do not explicitly recognize it). 
Section 2.2 goes further into this question. We make the point here, however, that the development 
and interpretation of soil action levels should follow contemporary methods 'for incorporating 
uncertainty into environmental transport modeling. . Accordingly, we conside e suitability of 
various computer programs to provide the necessary machinery. 

This report summarizes and compares five prominent computer programs that are configured 
for environmental assessment: B R A D ,  MEPAS, GENII, MMSOILS, and DandD. All of these 
programs have been developed with support from government agencies, and all have versions that 
install and execute under Microsoft@ Windows 95 or NT. RESRAD, as we mentioned above, is 
intended to be used in connection with analyzing remediation of radionuclidecontaminated soils at 
DOE facilities. DOE generally grants access to RESRAD to DOE employees and contractors on 
DOE-funded projects. MEPAS, which was developed at Pacific Northwest Laboratories (PNL) and 
is now commercially marketed, is a large multimedia environmental transport program of extensive 
scope, which is applicable to radioactive and nonradioactive pollutants in many environmental 
media. GENII, also developed at PNL, is a highly modular radiological assessment system, which 
provides internal and external dose estimates for exposure through all pathways that are ordinarily 
considered in environmental radiological assessments. GENII has been under development for more 
than a decade and is unlikely to be modified further by its developers. MMSOILS, which was 
developed for the Environmental Protection Agency, is a large multimedia environmental transport 
program that was designed for screening assessmknts of chemical contamination. Although it does 
not treat radioactivity and decay chains, it was included in this review because it could possibly be 
useful for radionuclides in soils by using stable chemicals as surrogates for radionuclides and 
performing auxiliary decaychain calculations external to the program. MMSOILS executables and 
source code are freely available from an EPA web server. DandD is currently under development by 
Sandia National Laboratory for the U.S. Nuclear Regulatory Commission (NRC). 

We compare these programs with respect to features that are relevant to their possible use in 
computing soil action levels for the RFETS (Section 4). We draw on documentation distributed 
with the programs and on published comparisons by authors who participated in the development of 
the programs (Laniak et al. 1997; Mills et al. 1997). Comparisons of soil action levels developed 
with some of the programs is the subject of Task 5.  

We hesitate to anticipate parameter uncertainties that may be dominant in methodologies for 
soil action levels until calculations have been done with site-specific data. However, we consider 
the level of uncertainty associated with the resuspension mechanism to be of sufficient concern that 

* L  

'. 
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TASK 3: INPUTS AND ASSUMPTIONS 

INTRODUCTION 

Soil action levels are calculated to identify the concentration of one or more radionuclides in 
the soil above which remedial action should be considered to prevent people from receiving 
radiation doses larger than a predesignated limit. The soil action levels for radionuclides 
calculated for the Rocky Flats Environmental Technology Site (RFETS) by the U.S. Department 
of Energy (DOE), U.S. Environmental Protection Agency (EPA), and the Colorado Department 
of Public Health and Environment (CDPHE) are being reevaluated because of public concern and 
interest in the methods previously used and the recommended soil action levels proposed. A 
Radionuclide Soil Action Level Oversight Panel (RSALOP) was established and a contractor was 
hired to conduct an independent assessment and calculate soil action levels for the Rocky Flats 
site. Risk Assessment Corporation (RAC) was hired to perform the study. The 
Citizen’s Advisory Board is administering a grant provided by DOE for the review. 

The primary goal of Task 3 was to report the results of a sensitivity analysis conducted on 
the inputs and assumptions required for using the RESRAD computer code. Site-specific ‘values 
were derived or uncertainty distributions were created for critical parameters emerging from the 
sensitivity analysis. The sensitivity of each parameter was assessed using the built-in Monte 
Carlo-based sensitivity analysis packaged with the latest version of RESRAD. This sensitivity 
analysis package does not operate in a traditional Monte Carlo mode; rather, it allows the user to 
input a range of possible values for a parameter, and the endpoints of this range are evaluated 
separately to show the change in the output result for these different input values. Also included 
in the Task 3 report is the careful evaluation of scenarios for their applicability to potential future 
land uses. This report describes the process of scenario evaluation and reports the scenarios 
chosen for the independent analysis. 

A Monte Carlo interface for RESRAD has been developed and tested by RAC for use in 
Task 5, Independent Calculation. This interface uses the distributions identified in this task to 
develop uncertainties for dose and soil action level for each of the scenarios. The Monte Carlo 
package developed by RAC uses the probability distributions given in this report as inputs for a 

brated to reflect site- 

soil concentration data. Results of these independent calculations of dose and soil action level 
will be reported in Task 5. 

- - stochastic calculation of dose and soil ac levels. The interface is 
_-. - = .  . _ _  

specific conditions and apply available site-specific historic data, puiiculariy air monitoring -and- - -_ 

Parameters Explored 

Important parameters for which distributions and/or site-specific values were developed 
were identified by using a sensitivity analysis. The sensitivity analysis was a single-parameter 
analysis, where a range of values for one parameter at a time was explored to determine its impact 
on the final result. These ranges of values were explored using the built-in Monte Carlo-based 
tool in RESRAD Version 5.82. If the impact of a parameter value on the final result was large, 
then the parameter was considered to be significant because the calculation was sensitive to 
changes in the parameter value. Based on the sensitivity analysis, the parameters were grouped 
into three categories: (1) sensitive parameters, (2) parameters with limited sensitivity, and (3) 

Risk Assessment Corporafion 
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parameters not exhibiting sensitivity. We developed uncertainty distributions for the sensitive 
parameters identified using these categories. Of the more than 50 parameters evaluated, the 
sensitivity analysis, which will be described later in this report, identified the following 
p q e t e r s  as critical: 

0 Mass loading factor 
0 Area of contamination 

.. 

0 Mean annual wind speed 
0 Distribution coefficients. 

We emphasize these parameters in this report. Other parameters used in the'calculation that 
were not sensitive in the analysis are identified but not discussed in detail. Parameter values that 
were not sensitive or marginally sensitive were not changed and are the same as those reported 
previously (DOEYEPNCDPHE 1996). The only exceptions were thickness of the contaminated 
zone, depth of soil mixing layer, soil-to-plant transfer factors, imgation water contamination 
fraction, external gamma shielding factor, and initial concentrations of radionuclides, where RAC 
determined that a different value was more appropriate based on the literature or site-specific 
data. RAC also selected the most current recommended dose conversion factors related to 
insoluble forms of plutonium. 

Difference between Versions of RESRAD 

The original calculations of soil action levels performed by DOE, EPA, and CDPHE used 
R E S W  Version 5.61 (DOEEPAKDPHE 1996). Since that time, the code developers have 
released updated versions of RESRAD. The most recent version of the code, Version 5.82, will 
be used for all independent calculations of soil action levels; therefore, we used it for the 
sensitivity analysis conducted for Task 3. Version 5.82 contains one major difference in an 
important pathway for the Rocky Flats calculations, and that difference focuses on the 
resuspension of soil. The calculation of air concentration of contaminated material has been 
adjusted to reflect the current understanding of resuspension. The change in the formulation of 
the area factor, sometimes called the enhancement factor, was discussed in detail in the Task 2 
report. The impact of the change on the results of the DOE scenario calculations is discussed 
here. 

Each scenario, dose level, and radionuclide was evaluated for the impact of this change in 
the code. With all parameter values held constant, the soil action levels predicted by RESRAD 
Version 5.82 were much higher than those predicted with older versions of the code. The single 
change in the formulation of the area factor in the RESRAD code predicted a significantly 
different dose via the resuspension pathway, reducing the relative importance of inhalation dose. 

Because RAC believed inhalation to be of greater importance than indicated by the RESRAD 
calculations, we chose to develop our own formulation for resuspension. This is discussed in 
detail in a later section of this report, but the key characteristic of this new resuspension 
calculation is the use of site-specific data, namely soil and air concentration data. 
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1. INTRODUCTION 

The Rocky Flats Environmental Technology Site (WETS) is owned by the U.S. Department 
of Energy (DOE) and is currently operated by Kaiser-Hill Company. For most of its history, the 
Dow Chemical Company operated the Rocky Flats Plant (RFP) as a nuclear weapons resych,  
development, and production complex. The RFP is located 8-10 km (5-6 mi) from the cities of 
Arvada, Westminster, and Broomfield, Colorado, and 26 km (1 i) northwest of downtown 
Denver, Colorado. I 

The current project evaluates the radionuclide soil action levels (RSALs) at RFky Flats 
developed for implementation by the DOE, the U.S. Environmental Protection Agency (EPA), 
and the Colorado Department of Public Health and Environment (CDPHE). In response to public 
concern about the soil action levels adopted in October 1996, DOE provided funds for the 
Radionuclide Soil Action Level Oversight Panel (RSALOP) to select a contractor to conduct an 
independent assessment and to calculate soil action levels for the WETS. W 
Corporunon (RAC) was selected to can), out the study. This report describes the 
these soil action levels. 

The calculations are based on seven exposure scenarios described in the Task 3 report 
(Aanenson et al. 1999). Each scenario specifies an annual limit for d a t i o n  dosc to the receptor 
resulting from exposure to Rocky Flats radionuclides. Environmental dose models are used to 
estimate dose from specified concentrations of radionuclides in environmental media. The soil 
action level for each scenario is defined as the concentration of radionuclides in the soil above 
which remediation should be consider to protect people from receiving doses high than a dose 
limit. A concentration in soil higher than the level predicted as the soil action level for each 
radionuclide would lead to a dose that would exceed the dose limit for the scenario, based on the 
predictions made using the characteristics of each scenario. 

When multiple radionuclides are present in soil, measured or hypothesized concentrations 
can be combined with the respective RSALs in a sum of ratios, S. If S exceeds 1, the estimated 
dose produced by the observed concentrations exceeds the dose limit for the scenario. For 241Am 

ratios are relatively constant over the area of observation, although they do change over time. 
This spatial uniformity of the activity ratios exists because the origin of the radioactivity at the 
site is the same. The combination Pu is the most extensively measured quantity, and it has 
been the primary surrogate for plutonium and americium in the soil. It is possible to use the 
isotope ratios to express the maximum annual dose from americium and all plutonium isotopes as 
a b c t i o n  of Pu concentration in the soil. This relationship makes it possible to express a 
composite soil action level solely in temis of 239+240 Pu (although it depends implicitly on 
americium and the other plutonium isotopes). 

Uranium is also present in soil concentrations above natural background at a few RFP 
locations. The history of this contamination is different from that of the americium and plutonium 
from the 903 Area, and it does not appear possible to establish a simple spatial relationship 
between the uranium and plutonium-related isotopes. However, it is reasonable to assume fixed 
isotope ratios for the 2)4U, 235U, and 238U present at the site and, thus, to express the composite 
uranium level in terms of a single isotope, say 2 3 8 ~ .  

DRAFT 
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The calculations reported here incorporate estimates of paramcter uncertainty, and results for 
each scenario are presented in terms of the probability that the dose limit will not be exceeded 
given levels of Pu and 238U. Uranium RSALs are based on the assumption of a small area of 
contamination (hot spot). 

All calculations of soil action levels involve the use of RESRAD Version 5.82. However, for 
the plutonium calculations, special techniques were required to circumvent the resuspension 
model that is programmed in RESRAD. External calculations, reported in Section 4, establish 
relationships between levels of Pu in the soil and atmospheric concentrations at primary 
locations of the scenario subjects. For the assumption of ground cover as it normally exists on the 
site, a regression analysis of air monitoring data for plutonium was carried out to estimate 
parameters for the resuspension model used in the external calculations. These calculations of air 
concentration at a receptor location are based on a smoothed representation of plutonium soil data 
for the site (Aanenson et al. 1999) and integration of a Gaussian plume model over the 
contaminated source region (Sections 4 and 5). 

The possibility of catastrophic natural events cannot realistically be ignored. It is entxely 
plausible that a prairie-grass fire could bum all vegetation off large areas of the site, leaving bare 
soil for a year or more, with the potential for enhanced resuspension. Scenario variants that 
assume the aftermath of an extensive fire, thus, require resuspension parameters for unvegetated 
soil. Parameters for such conditions are highly uncertain; our estimate of a resuspension factor 
from the literature has 4 orders of magnitude of uncertainty (Section 6). Such a loss of vegetation 
could also change the drainage characteristics of the soil until the natural growth is reestablished. 
One possible consequence is a change in the relative contamination of surface-water A d  
groundwater, which could have an effect on dose estimates for some scenarios. Although we 
would expect any changes for the scenarios under study to be minor, this hypothesis has 
hydrological implications that cannot be explored within the resources of this project. 

Some scenario variants discussed in this report assume the use of water from a contaminated 
aquifer. The results of these scenario variants must be considercd tentative. Soil-to-water 
pathways cannot be treated definitively within this project because of their complexity and the 
incompleteness of data specific to this site. Some of these questions are within the purvieiv of the 
Actinide Migration Project, and any treatment of them that might be attempted here would be 
premature. Instead, the RAC scenarios adopted most of the water pathway parameters used for the 
DOE resident scenario. That scenario considers only waterborne contamination through irrigation 
of garden crops from a well. DOE presumably assumed an uncontaminated municipal water 
source for all other water uses. For the RAC resident rancher S C ~ M ~ ~ O S ,  we assumed contaminated 
well water was the source for all water pathways. The RESRAD water-related transport 
parameters for the DOE resident scenario were based on site-specific data (DOEEPNCDPHE 
1996). Most of these parameter assignments were adopted for the water variants of the RAC 
scenarios. The exceptions were the soil-water equilibrium distribution coefficients, K d  (measured 
in milliliters per gram), which are treated here as having order-of-magnitude uncertainty. 

Calculations with the scenario variants that assume exposure to contaminated water indicate 
that in some parameter ranges the water pathway can dominate other exposure pathways. Specific 
cases are shown and discussed in Section 8. However, none of these results should be considered 
definitive in view of the incomplete information concerning radionuclide transport and exposure 
of subjects by these water pathways. The only conclusion to be drawn at this time is that the 
water pathways should not be dismissed out of hand. Rather, their potential for exposing people 
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TASK 6: SAMPLING PROTOCOLS 

1. INTRODUCTION 

Soil action levels are calculated to identify the concentration of one or more radionuclides in 
the soil above which remedial action should be considered to prevent people from receiving 
unacceptable radiation doses. The soil action levels for radionuclides calculated for the Rocky 
Flats Environmental Technology Site (RFETS) by the U.S. Department of Energy (DOE), U.S. 
Environmental Protection Agency (EPA), ind the Colorado Department of Public Health and 
Environment (CDPHE) are being reevaluated because of public concern and interest in the methods 
previously used and recommended soil action levels proposed. A Radionuclide Soil Action Level 
Oversight Panel (RSALOP) was established and a contractor hired to conduct an independent 
assessment and calculate soil action levels for the Rocky Flats site. Risk Assessment Corporation 
(RAC) was hired to perform the study. The Rocky Flats Citizen‘s Advisory Board is administering 

The primary goal of Task 6 is to develop recommendations for a soil sampling protocol for 
use at RFETS in support of the soil action level study. Sampling protocols are writtqn descriptions 
of the detailed procedures to be followed ’in collecting, packaging, labeling, preserving, 
transporting, storing, and documenting the samples (Keith 1991). The reader is referred to the 
EPA’s guidance document on “Preparation of Soil Sampling Protocol: Techniques and Strategies” 
for an elementary discussion on sampling protocols (EPA 1983). 

Sampling protocols are developed using the iterative data quality objective (DQO) process 
and require the U.S. Department of Energy (DOE) and its contractor to evaluate several important 
considerations. These considerations include evaluating sampling and analytical costs in relation to 
available resources and accepting potential decision errors that may result in remediating sites that 
are judged contaminated when they are actually below the soil action levels. Conversely, 
developing a sampling protocol must also incorporate the concerns of the general public and other 
stakeholders, which are represented by the RSALOP and the soil action level study. Because of the 
complexity of developing sampling protocols, with the inherent need to balance the concerns of 
DOE G d  the RSALOP, deVeloping=a comprehensive sampling - protoco1”was not -considered 
possible. In this report, RAC presents recommendations for those elements of a soil sampling 
protocol considered essential to ensure representative soil samples are collected for comparison to 
the soil action levels. These recommendations are provided to the RSALOP for presentation to 
DOE and its contractor, Kaiser-Hill Company, for incorporation into the soil sampling protocol 
and procedures to be used for the soil action level study. 

The primary concern of this report is to develop recommendations for the design of site- 
specific surface soil sampling procedures that ensure representative samples are collected to 
determine soil action levels. Soil sampling protocols must be based upon the conceptual model used 
to derive the soil action levels to ensure that representative soil samples are collected. For example, 
the depth to which a sample is taken may affect the measured concentration if the radionuclide is 
deposited in the top few centimeters. Under some circumstances, averaging over the top 15 cm 
(approximately 6 in.) is appropriate if the exposure pathway of concern is ingestion of food raised 
in the area. However, averaging may underestimate the potential dose if the exposure pathway of 
concern is soil ingestion or inhalation of resuspended dust (SAl3 1997). 

a grant provided by DOE for the review. . I  
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This report presents recommendations for a soil sampling protocol to support the final status 
survey. The final status survey determines the final condition of the site and is performed after 
decontamination activities (if required) are complete. This survey provides the data to demonstrate 
that radionuclide concentrations in soil satisfjl the established soil action levels. This survey is also 
referred to as a termination survey, post remedial-action survey, and final survey. 

Recommendations for a sampling protocol in support of remdal acbon were not developed 
for the Task 6 report. Soil sampling in support of remedial action is an important concept; 
however, a large number of soil samples have already been collected for use in evaluating the 
nature and extent of contamination in the surface soil at the RFETS (see the Task 3 report). 
Several studies detailing the nature and extent of contamination in the surfbce soil at the WETS 
have also been conducted and are available for use in evaluating remedial requirements. This is not 
to imply that no further surface soil studies should be conducted at WETS in support of remedial 
design. In Eact, as noted in this report, additional studies should be conducted for uranium 
contamination in the surfixe soil at WETS. However, RAC and RSALOP concurred that the 
emphasis of this report should be placed on the final status survey. 

The soil sampling protocol rmmmendations presented in this report are based on the 
conceptual model, parameterization, and assumptions used to develop the soil action levels 
presented in the Task 5 report. The conceptual model for the soil action levels (Task 5) report is 
based on the surface soil (0 to 20 cm) layer. Therefore, the recommendations presented in this 
report are not applicable to subsurface soil layers that may be of concern for evaluating source 
inventories for use in groundwater transport models. Future work by the Actinide Migration Panel 
may indicate that groundwater transport and seeps to surface water are important processes at the 
RFETS. This finding would require that a sampling protocol be developed for application to 
subsurface soil layers (Le., > 20 cm). 

The EPA, NRC, DOE, and DOD have developed the Multi-Agency Radiation Survey and 
Site Investigabon Manual (UARSShW) (NRC 1997), which provides detailed guidance for 
planning, implementing, and evaluating environmental and facility radiological surveys conducted 
to demonstrate compliance with dose-based soil action levels. The MARSSIM guidance focuses on 
demonstrating compliance during the final status survey following scoping, characterization, and 
any necessary remedial actions. The MARSSIM (NRC 1997) is the most comprehensive guidance 
document currently available for the development of radiological surveys. DOE and their site 
contractor, Kaiser-Hill Company, have used the W S I M  guidance for use in final status 
surveys of building contamination. Therefore, RAC recommends that the final status surveys 
conducted at WETS follow the general principles provided in the MARSSJM guidance for the soil 
action level project. In this report, RAC has used the general principles of the MARSSIM (NRC 
1997) guidance to develop recommendations for a sampling protocol. The MARSSIM guidance 
and methods should not be used blindly as a recipe for final status surveys. RAC provides an 
emphasis in this report on problems identified with the W S I M  guidance in terms of application 
to the soil action levels at Rocky Flats and potential solutions. 

/ Draft Final 
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ATTACHMENT D: SUMMARY OF ACTINIDE MIGRATION STUDIES 
MEETINGS 

- 
The Actinide Migration Evaluation (AME) projects were established by DOE in 1996 to 

investigate and model 239*24Pu, Am, and uranium transport in the site environment. Periodic 
technical and public meetings have been a way for Kaiser-Hill (K-H) and the various scientists 
who specialize in the study of actinide movement in the environment to report on the progress of 
their findings at Rocky Flats. The specific projects that are currently undcrway are: 

241 

Air transport modeling 

Pathway analysis 
0 

Uranium geochemical modeling 

0 

Watershed erosion and sediment transport modeling 

Biological impact on actinide mobility 

Updating the Data Quality Objectives for the AME project 

Colloidal transport and aggregation experiments 
Sampling process waste lines for plutonium, americium, and uranium oxidation states 
Installation and sampling groundwater aseptic wells 
High Resolution Inductively-Coupled PlasmdMass Spectrometry (ICPIMS) analysis of 
WETS groundwater and surface water samples 
Soil aggregatiotddisaggregation studies by Colorado School of Mines (hnded by EPA). 

I I .  

- -  > 

0 

A RAC representative attended the Actinide Migration Panel meetings beginning with the 
meeting on November 19, 1998 at the Arvada City Hall. The Actinide Migration Studies (AMS) 
group was established by DOE in 1996 and these periodic meetings are a way for Kaiser-Hill o(- 
H)and contractors to report on the current studies at Rocky Flats that deal with the actinide 
transport modeling of 239J40Pul 24*Am, and U in the site environment. The group meets about 
every 6-8 weeks and the next meeting is January 2 1, 1999. As we began the project, there are four 
reports from K-H and Rocky Mountain Remediation Services (RMRS) that were currently 

- -  - - - -  - -  ~-~ - = -  - 
- - _ _  - _. 

available about the work: 
RMRS. 1998. Loading Analysis for the Actinide Migration Studies at the Rocky Flats 

Environmental Technology Site. Rev. 0. RF/RMRS-98-277. UN. September. [Available 
surface water discharge and actinide activity data from site monitoring programs during 
the 1990s were compiled to compute actinide loads on a storm-specific and annual basis. 
The analysis was done for Woman Creek, Walnut Creek and the South Interceptor Ditch 
(SID) drainage basins, which is part of the Woman Creek watershed]. 

RMRS. 1998. Actinide Content and Aggregate Size Analyses for Surface Soil in the Walnut 
Creek and Woman Creek Watersheds at the Rocky Flats Environmental Technology Site. 
Rev. 1. RF/RMRS-98-281.UN. September. [Reports 2399240Pu, and 241Am activity in 
surface soil sampled in FY98 from the Walnut and Woman Creek watersheds. Particle 
size distribution of the soil and sediment samples were done at the Colorado School of 
Mines. Data will be used as source of actinides to streams via stormwater runoff and to 
calibrate the Watershed Erosion Prediction Project (WEPP) model to estimate soil 
erosion and associated actinide transport]. 

Risk Assessment Corporation 
“Setting fhe standard in environmental health“ 



98 The Rocky Flats Soil Action Level lndependent Review 
Project Summary 

W. 1998. Conceptual Model for Actinide Migration Studies at the Rocky Flats 
Environmental Technology Site. No number on cover. October. . 

W. 1998. Preliminary Report on Soil ErosiodSurface Water Sediment Transport 
Modeling for the Actinide Migration Study at the Rocky Flats Environmental 
Technology Site. Fiscal year 1998. RFIRMRS-98-285.UN. November. [Provides 
preliminary modeling results that will be used for calibrating the soil erosion and surf= 
water transport modeling effort for the Rocky Flats watersheds. This report describes 
results for the SID watershed, which drains into Pond C-21. 

At the November 19, 1998 meeting, there were two major topics: (1) Soil erosion and sediment 
transport modeling FY99 work (a summary of the November 1998 report above) iepoccd by Win 
Chromec and Ken Spike, (2) Air Modeling FY99 work that will be done by Radian International 
reported by Martha Hyder and Arney Srackangast. Radian Internatioh is just beginning the 
current air modeling work and will focus on "improving estimates of airborne actinide migration 
and deposition in the conceptual model," (paper three above) "preparing a modeling tool to use in 
evaluating various emission scenarios, and providing preliminary &r pathway dose estimates." 
They plan to do this by reviewing published studies of contaminated soils resuspension to 
determine resuspension mechanisms, and then to identify resuspension \ -  models 'to use in 
estimating emissions of actinides from contaminated soils into the air. 

The January 21, 1999 AMs meeting focused on studies of plutonium migration at Rocky 
Flats site. Dr. Greg Chopin from the University of Florida described his work with the use of 
oxidation state actinide analogs to observe effects of geochemical processes over long time 
periods. He and his colleagues have studied old uranium and thorium locations around the world ' 
to find analogs for plutonium, (e.g., Th4' for Pue, and t?+ for Pu4'). The main message is that 
natural analog sites provide valuable information on actmide chemistry and fate and transport; to 
date these studies show very little movement of plutonium over long time periods. Their studies 
indicate that Rocky Flats plutonium is insoluble but they emphasize that solubility studies are 
complex. At that same meeting, Mike Murre11 and Chris Brink' from Los Alamos National 
Laboratory (LANL) explained how they are tracing uranium migration at the RF solar ponds 
using rehed  analytical techniques in ion counting to follow the transport of uranium and to 
differentiate between "Rocky Flats" uranium and "natural" uranium. 

At the April 29, 1999 AMS meetings, researchers described progress on collecting borehole 
samples from the South Interceptor Ditch, runoff samples from a buffer zone are near Walnut 
Creek, and water samples from Pond B-5 discharge that will be used for suspended solid 
fractionation experiments. Jim Ranville from the Colorado School of Mines, described his work 
on soil aggregation at Rocky Flats and how it might affect solubility. Mary Neu from LANL then 
described results of current experiments done on characterizing plutonium in samples from the 
903 area. Using powerful, new state-of-the-art analytical techniques, she and her colleagues have 
demonstrated that plutonium from under the asphalt pad at the 903 area is insoluble PuOl. The 
PdAm ratio also indicates insoluble plutonium. These new results provide solid proof for what 
many have assumed all along -that plutonium in the soil at Rocky Flats is insoluble PuOZ, and 
thus may not get into the groundwater. 

These studies are exciting and very relevant to the current soil project because they help to 
characterize the chemical and physical form of plutonium at the Rocky Flab site. The AMs 
research that is underway has helped to define the potentially significant pathways and we still 
see inhalation as the major pathway for this work. Recent work at LANL indicates that the 
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plutonium from soil samples under the 903 pad is insoluble PuOz. While results from some of the 
AMs studies indicate that this insoluble form of plutonium may not enter groundwater, we are 
examining a conservative calculation to address the question of whether or not thc pathway can 
be ruled out of the current analysis. We understand the importance of groundwater and surface 
water pathways in the long term, and include the groundwater pathway in one of our scenarios. 
We do recognize, however, that our assessment of the groundwater pathway is limited by the 
complexity of the pathway. 

On October 4, 1999, the AME meeting covered the following topics: an update of the site 
conceptual model by Chris Dayton; a summary of experimental results obtained to date by the 
Colorado School of Mines and by Texas A&M, Galveston; results of the FY99 atmospheric 
dispersion and deposition by Martha Hyder of Radian Corporation; biological mobility of 
environmental plutonium by Ward Whicker of CSU; and an update on the 903 Pad remediation 
project by Steve Paris of RMRS. The characterization of the 903 Pad is complete and a 
remediation strategy is being developed. 

A study by the Colorado School of Mines that is investigating the effect of environmental 
redox potential on the solubility of plutonium shows that under moderately reducing 
environments while the soil is fairly saturated, there is less plutonium found in the c0.45 p size 
fraction than in oxidizing environments. Americium’s association with a particular size fraction 
seems to independent of the redox potential. 

To evaluate the biological mobility of environmental plutonium, a draft “white paper” by Dr. 
Kathryn Higley of Oregon Sate University and Dr. Ward Whicker of CSU, titled “Biological 
Mobility of Environmental Plutonium,” was distributed. Dr. Whicker described the results of 
their study and the report is available through the CAB. Plutonium is not a biologically essential 
nutrient, nor an analog of a biologically essential nutrient. Much of the plutonium measured in 
plant material comes from atmospheric deposition onto the leaf surface. 

Risk Assessment Corporation 
“Setung the standard in environmental health” 



-, 
.i . '  

. .  

1879 Denuer West Dr. M621 
Gdden.CO 80401 
P h m  (303) 277-0753 

To: JohnTill From: Carla Sa& - 30%27747!3 

Farc 8OM34-1995 D a t e  January21,2OOO 

Phone: Pages: 20 including cover 

Re: CommentStoDraftSummaryReport CC: 

Ourgent EIForReviw OPleaseComment OPleaseReply OPleaseRecyde 

Dear John - Endosed are all comments received to date on the Draft Summary Report As 
mentioned in my email, 1'11 be out of my office ail next week but will checkjng my phone formessages. 

.. . .  



January 20,2000 

I Re: City of Broomfleld’s Comments for the Draft RAC Project Summary Report 

General Comment: 

The Introduction and Conclusion sections need to be modified to include RAC’s 
recommended RSAL number based on the best science available at this time, with 
whatever qualifications RAC feels are necessary. But, it needs to be clearly stated that 
this 
why have we gone through this $500,000 process? As written, this introduction is very 
defensive and puts such limitations on this number that, i f1  wasn’t fbiliar with the 
process, I wouldn’t even bother to fbkh reading the report. Project limitations to me are 
the list 1-8 in the project tasks section. What RAC is calling project limitations are 
actually additional k t o r s  that need consideration. These fixtors are areas for additional 

a scientifically defensible number generated with cutting edge science. If not, then 

. research, or policy concerns and decisions that should only be briefly touched upon in the 
introduction, ifat all. These concerns must be clearly stated, but later in the conclusion 
as follows: 

While the RAC recommended RSAL is a scientifically defensible number based 
on the best science available today, RAC believes additional work is needed to 
reduce some of the uncertainties and refine the RSALs to be M y  protective of 
both human health and the environment. First, certain key data that are currently 
unavailable need to be obtained. Foremost among these are data that quantirjr the 
impact of a brush fire on the land now occupied by the Rocky Flats site and the 
data fiom the of Actinide Migration Evaluation. Second, a number of factors 
need to be considered that were beyond the scope of this work. These include, 
but are not limited to, decisions about: 

- _ .  -- - -  . -  + 0 - -Restricted and unrestricted use of the property= - 

. Cost of cleanup 
Potential for exposure to the public during cleanup 
Potential for accumulation of actinides on oflEsite lands and water resources 

0 Protection fiom violation of the state surfice water standards 
Protection of ecological resources 

0 The effects of a long-term drought on plant cover and soil stability 

The MAL, that is ultimately implemented by the DOE will involve many 
political, social, and moral decisions. We would be remiss to-not point out all 
factors that might go into making a decision of this type. 

- - ~  

RAC needs to tell us in the introduction why this is a great study and best scientific 
method, not discredit or discount it before they tell us what it is. 4 I 
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Additional Editorial Comments by Section: 

Introduction 

Page 1, paragraph 1, last sentence: [Suggested Additiodchange] 

As a result of public concern about the interim soil action levels 
established in October 1996, the Radionuclide Soil Action Level 
Oversight Panel (RSALOP) was formed. The RSALOP is a group of 
community members with considerable experience in Rocky Flats issues 
(reference attachment written by Steering Committee or fiom RSALOP 
Fact Sheet). In (month), 1998, DOE provided funds for the RSALOP to 
select a contractor to conduct an independent assessment and calculate 
radionuclide soil action levels (RSALs) for the RFETS. Through a 
competitive bidding process and evaluation, Risk Assessment Corporation 
(RAC) was selected by the RSALOP to carry out the study. 

Project Tasks 

Page 4, paragraph 3, sixth sentence: [Suggested Change] 

Replace sentence that begins, (c We provide an example . .” with: The Task 5 report 
contains the methodology and calculations used to develop the RAC recommended 
RSAL. 

Page 4, paragraph 4: Delete the last two sentences. 

Interaction With Actinide Migration Panel 

~ G5neral Comment: The Actinide Migration Evaluation Group prefers not-to be called a = - 

Page 5,  last paragraph, first sentence: [Suggested Addition] 

PaneL AMs should be AME (Actinide Migration Evaluation). 

. . . associated with &tion of actinides (dutonium americium. and 
uranium) throughthe environment. 

Page 6, first line: Delete first line on page 6, line is a duplicate of last line on page 5. 

Page 6, le side bar- Note that (2) is not correct according to Chris Dayton, Kaiser-Hill. 
This could be a misleading oversimplification of the process. Chris indicated that she 
would provide clanfjing comments on this section, so we will defer to her on this issue. 



Cleanup Levels At Other Sites 

Page 7, last sentence: [Suggested Change] e 
Delete this sentence and reference to Table 2. (See next comment). 

Page 8, Table 2: [Suggested change] 

This ratio table is difficult for the non-technical reader to understand. We suggest 
deleting Table 2 fiom the summary report and referencing it in the Task 1 Report page 18 
Table 9. The sentence at the top of page 9 adequately summafizes this table. 

Plutonium Soh bility and Dose Conversion Factors 

Page 16, Table 4: [Suggested Addition] 

Text needs to explain “Clearance Class” and define W, M, S and Y in the table. 

Page 18, Table 5: % Time spent indoors and outdoors onsite for the Open Space 
Scenario appear to be reversed. 

Independent Calculation of Soil Action Levels 

Page 22 & 23: [Suggested Addition] 

RAC scenarios 1-4 should have references to the actual djstriiutions in the Task 5 report. 

Page 24: [Suggested Addition] 

Insert Table GS-1. Soil Concentration (pCi/g) at 5% to 10% Probability Level, fiom the 

Soil Sampling Protocol 

Page 27, third bullet: [Suggested Change] 

0 

- 
- - .__ a- = _- - - _ -  = _ - _  = _  - 

~ ._- - - 
~ - Task 5 report Page - -- - _  

RAC’s selected discrete values fiom the soil action level distriiutions for each 
radionuclide will be used by RSALOP for comparison to the soil concentration data. 

Page 27, tenth bullet: [Suggested Change] 

The non-parametric statistical tests, called MARISSIM and developed by the Nuclear 
Regulatory Commission in 1997, will mbe used.. . .. 

3 RAC SummaryReportCommentdoc 
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Conclusion 

Page 27: Rewrite based on the recommendation of a specific MAT., number with 
qualifications and restatement of the limitations. 

RAC’s inputs in many cases are less conservative, more realistic and more representative 
of actual site conditions, and the calculated value is still less than the “conservative” 
RSAL value calculated by DOE, CDPHE and EPA. 

Additional concerns, data needs, etc. should be listed here as noted in Comment 1. 



. .. . . . . I 

. -  

Conclusion 

Page 27: Rewrite based on the recommendation of a specific MAL number with 
qdilications and restatement of the limitations. 

MC’s inputs in many cases are less conservative, more realistic and more representative 
of actual site conditions, and the calculated value is still less than the “conservative” 
MAL value calculated by DOE, CDPHE and EPA. 

Additional concerns, data needs, etc. should be listed here as noted in Comment 1. 
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rage I or I 

Sanda 

From: Sanda <candftrvl@email.msn.com> 
To: 
cc: Mary Harlow <mharlow@ci.~minster.w.us> 
Sent: ' Thursday, January 20,2000 733 PM 
Subject: Fw COMMENTS 

John Till <johntilI@mindspnng.com>; Kathleen Meyer <kmeyer@vennet.com> 

Following are comments from Dean Heil. Mary Harlow will have some wmmenk 
to me tomomw morning. Carla 
- Original Message - 
From: Dean Heil <dheil@lamar.colostate.edu> 
To: Sanda <candftn/l@email.msn.com> 
Sent: Thursday, January 20,2000 1:34 PM 
Subject: Re: COMMENTS 

> Carla, here are my wmmenk on the draft project summary report. 

> On pages 21 and 22, the spedfic RSALS that RAC calculated at the 10% 
> probability level are reported for the DOE-1, DOE-2, and DOE-3 soenarios. 
> The RSALat the 10% level for RACsaenario 4 is reporkd on page 24. Why 
> are the RSALS at the 10% level not reported for the RAC scenarios 1-3 on 
> pages 22 and 23? 

> 
> 

> 

0; Dean Heil - 

> 
> At 08:45 PM 01/19/2000 -0700, you mte: 
> >Justa note to remind youthatmments are due to me by COB tomorrow, 
> >Thursday, January 20 on the following two documents: 

> >RACs Response to Peer Review Comments to Draft Task 5 Report 

> >Please don't hes i ik  to contact me at 303-277-0753 if I can be of 
> >assistance. 

> >Carla Sanda 

> >  

- - -_ -~ - --  _- - _ _  - - - -  ~ 
- - -  - -  > >RACs Final Draft Summary Report - ~ - - -- 

- ._ 

> >  

> >  

> >  
> >  
> >  
> 



L To: RAC 

Date: January 20,2000 

I have read RAC's responses to the reviewer comments and I concur with them. I have received 
several comments fiom other members of the RSALOP that support this opinion. I apologize for 
using the first person; but, since these are strictly my reactions it is appropriate. I would like to 
comment on a couple of items: 

A. Several reviewers have asked for a table comparing the original RSAL with your independent 
calculations. While I understand the desire to compare the two results, I completely concur with 
you that it unfortunately impossible to make that comparison. 

B. Several reviewers questioned the 15 mrem.annual standard when under the fire scenario a 
disproportionate share of the life time dose occurs in one year. The DOE set the dose limit on 
both the panel and it's contractor; therefore, you are completely correct in you rejection of these 
comments. I would certainly hope that the panel in it's recommendation highlights this result. 

C. Several reviewers in different contexts brought up the use of Kd as a surrogate for physical 
processes that are moving the Pu through the soil column. We have discussed this problem. 
Given the time and monetary constraints and the fact that the groundwater pathway is not of 
immediate priority, I believe your solution to the problem is the correct one. 

D. Several comment dealt with questions such as worker risk and ecological damage. I concur 
with your response that these are important questions; but, outside the scope of the present study. 
They are not only outside the scope; but these are question where community values come into 
play and not just science. I would certainly hope that the panel addresses these questions, and if 
not, then some other community forum addresses them. 

E. I consider your proposal for the final state of the computer software you used to be both 
meeting-the t e a  of the c o n m t  and meting the requirements for software in the scientific- - * = ~ 

literature. You seem to agree that the PERL script might present a challenge to less computer 
literate health physicists. This does not diminish the work you accomplished; but, does explain 
why I wish to see the software made easier to use. 

-- - 

F. I concur with the degree of technical depth used in your reports and do not agree that a less 
mathematical treatment is warranted. We both agree that the summary will be a key document. 
My preference is for it to be a stand alone document. I would use the Scientific American 
approach as a model. This summary will probably be the most usell result of the study and, 
while it might be presumptive, I think it would form the basis of a very credible scientific paper. 
urge you to expend your best efforts and talents on producing this summary. 

In summary, I found all your responses, and especially the response to my comments, well 

I 

founded and I am sure I am speaking for the entire panel in thanking you for the considerable 
effort and the constructive way you have responded to all the comments. 
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From: LeRoy Moore <leroymwre~earthlink.net> 

Sent: 
Subject: 

<candftrvl@msn. corn> 
Wednesday, January 19,2000 8:17 AM 
comments on RAC's Draft Project Summary 

.= To: 

To: RAC 
From: LeRoyMoore 
Re: Draft Report: Project Summary 

This report presents a good summary of work done, though some of it is 
quite technical and will thus be difficult for the general reader who has 
not had the benefit of partiapating in the project all along. My ediing 
generally favors leaving this aspect alone. Otherwise, the opening 
portions need much detailed reworking, especially to eliminate redundancy, 
to improve flow, and to reduce wordiness. Close attention will need to be 
paid to Ute changes I propose. 

By the way, this would have been a far simpler task had the 
original text been available in eledmnic form. I suggest that for future 
editing we get the text electronically. 

M y  remarks are given page by page. 

Table of Contents: Fourth item and Atlaanent D both need to be changed to 
rekr to Actninide Migration Evaluation, the offidal current name of this 

(forwhatever reason, perhaps because much of the Hlork is being done 

Actinide Migration Panel have been dropped). 

p. 1, para 1,4th sentence: Change to read "This current project evaluates 
the interim rsals . . . ." 
1998 (is this comet?) and is scheduled for completion in MaKh 1999." 

p. l,-para-2,. IaW-half of first sentence:- delete comma afkr "future" 
then say: "come into contact with the site where the soil is contaminated 
with radionuclides at levels above background." 

same para, delete sentmce two and substitute: "The task of 
setting SALS must indude consideration of the following: 

"1. How particular radioactive materials are transported in . . .I' 
p. 1, para 3, sea>nd sentem: 'In designing the scenarios, we followed 
the ptindple that if the person living onsite full-time is protectred, then 

para 3, line 6, add comma after "resuspended" and before "because" 
para 3, final full sentence: "RAC did not assess it in (delete 

significant) detail in the SAL project because too little is now known; 
atensive ongoing research by the Actinide Migration Evaluation team is 
expeded to provide data not currently available (Honeyman . . .)." 

w by on-site suhntractors, the names Actinide Migration Studies and 

endofparal: Addasentmethatsays: "Workbeganinwber 

. -  

n .... 

.2, first full para: This paragraph must be completely rewrjtten in 
eeping with RACs intent to provide a single number as a mmmended MAL a based on best current science, with indication of uncertainties and areas J 

1/21/00 
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where additional research is needed. I hope RAC here will say dearly that 
the task it was assigned was to develop an RSAL that will provide no more 
than a 15 mrem/y dose to the maximally exposed individual in a realistic 
scenario and that to protect this individual protects all others, induding 
those off site. In other words, the recommended RSAL levels are the ones 
which, to the best of our current knowledge, will ensure that the permitted 
annual dose limit for the targeted pertinent individual is not ex&&. 

p. 3, Table 1, #4: under rekrence column say, "Presented orally at the 
Nov 1998 RSALOP meeting". Delete ref to Killough et al1999b from this 
column. Under location columns, delete Attachment B and add "(no written 

#7: Change to "Interaction with Actinide Migration Evaluation 
researchers" (in keeping with current nomenclature for this work). 

NOTE: IN WHAT FOLLOWS I SUGGEST DELEnNG MOST OF WHAT APPEARS ON PP. 3 AND 
4, IN THE INTEREST OF ELIMINATING REDUNDANCY AND DECREASING WORDINESS. 
ESSENTIALLY W T  I PROPOSE IS THAT THE REPORT MOVE IMMEDIAELY FROM TABLE 1 
INTO THE MORE SUBSTANTIVE POINT-BY-POINT DISCUSSION OF THE SEPARATE TASKS. 

reportproduced)" 

p. 3, first full para after table: Change to say: "Each of the tasks 
mentioned above was important in the process of this work In the 
fdlowing pages, each task is explained in some detail. The reader will 
note that we begin with Task 8, then go to Task 7, because these two tasks 
entailed interaction that was ongoing through the duration of the project." 

P. 4 bttom: Change heading to: Task 8: Public Interaction." 
first sentence, third word: Change "was" to "is" 

e 
 he second and third sentmas Seem meaningiess, or at least wrong, 

since determining concentrations was not a "first step" and this project 
had nothing to do directfy with "deckions re. deanup." I suggest 
deleting both sentenoes. 

the sentence that begins on p. 4 and ends on p. 5, then 
three Sentences. Change the sentanoe that begins On-p-5, ~ 

= -  = - 

line 5 to say: "The regular monthly M O P  meetings were an important 
forum. . . ." Change the next two sentences to: "During these meetings 
RAC received guidanoe from panel members regarding the direction of the 
project and input parameter values. Ideas and insights h m  d i s i o n s  at 
these meetings would have been lost had this intendion not existed." 

Retain the first full para on p. 5 as is. 
Re. seoond full para on p. 5, change to say: "In addion to the 

foregoing, AIMSI, the public involvement contractor for the project, 
organized three general public meetings during the course of the project. 
These meetings were geared toward a general audience to update them on the 
work being done. Also, on so-and-so date a special workshop on risks from 
exposure to radioactive materials was conducted by Mr. Charles Meinhold, 
President ofthe National CoundI on Radiation hotection and Measurements. 
This workshop, which was open to the public, helped inform the panel 

- .  _. 

current practices and research in risk proWon and 

Third full para on p. 5: Begin: "Five peer reviewen conbacted 
nagement." 

byRSALOPreviewedandprovidedwritbenoomments.. . ." Movethesenterm 

1/21/00 
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: .  . . .  

which begins This process helped identify" so that it becumes the third 
sentence in the para, followed by 'We responded to all. . . .I1 Change 
sentence that begins on line 4 to: 'The final reports reflect changes made 
to the text in response to m m e n k  received from reViewers." In the final 
senberoe ofthis para, replaae the word "netwwk" with "means." 

p. 5, bottom: Change heading to 'Task 7, Interaction with the Actinide 
Migration Evaluation Researchers" 

Para that begins at bottom of p. 5: Change first line to read: 
"The researchers doing the Actinide Migration Evaluation are very dosely 
studying the proczsses assodated with migration of actinides through the 
Rodcy Hats m~'r0nment" Edit this whole section to change the language 
to Acbnide Migration Evaluation and/or AME researchers or research team. 
Do not use the term Panel. 
Final word on p. 5: delete "done." 

This section may be overly generous in its praise of the AME work, 
given past and recent sharply aitiml reports from outside reviewers of 
their WMk and workplan. I think it wise to delete the praise and to stid< 
as dosely as possible to mere statement of fact about what they are doing 
and what tentative resulk they have produced that inform RACs work. 

p. 6, bottom: Change heading to "Task 1: cleanup levels at Other Sites." 
Change the latter part of the firstsentmceto read: "with a dear and 
unbiased ownparison between soil action levels previouslydeveloped at 
other facilities and those adopted for Rod<y f lak in m b e r  1996". 
Delete the second sentence. 

.7, final para, line 7: Should the phrase "soil action level to dose 
tio" be hyphenated - say, to "soil-action-level-bdose ratio"? 

Generally, this section on Task 1 is dear, though I don't think it 
will be easy for the general reader to grasp. In  particular, Table 2 will 
be difficult. I s  there any value in providing the original RSAL numbers 
for various sites as spedfied in pCi/g of Pu in soil, then to explain that 
one cannot make a simple comparison from one number to another for 
so-and-so reason. Maybe then the prooess fixgetting tooable two could be 
desuibed and the table psented as the amdusion. 

p. 10. Change heading to: "Task 2: Review and Selection of Computer 
Models." In first sentence, insert "computer" a k r  "assessment." 

Box: Capitalize Rocky. 
Final para, line six: Would it be dearer to replace the word 

otherwise, this whole section on Task 2 looks OK 

()e 

~ -=-- - - _  . _ r  - - - - - .  ._ ~~ ~ - -  - - - - ~ -  - -  - ~~ . 

llknodw with "certitude" - or with "precise knowledge"? 

p. 12, bottom: Change heading to: "Task 3: Inputs and Assumptions to the 
Model." 

Para that begins on bottom of p. 12, final portion of second 
sentence: Change to ". . . in determining the soil action levels for 
deanup at RFFls that would result an exposure not in excess of the 
permitted annual dose." 

p. 13, Table 3: Under Parameter, indent the words "Zone" and 'speed" 

14, second full para, final line: add to end of final sentence the 0 words "from the site." 

. .  

1/21/00 
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p. 15, first para, line 5: Delete "instead of 0.15 m" - since this is not 
explained and isn't really necessary. But then I note that this same 
number appears in the next sentence. Perhaps it needs to be explained - 
as, for instam, the number used in the 1996 RSAL calculations. Also, 
wouldn't it be better to use throughout this paragraph an rather than a 
peroentage of m? 

e 
p. 16, line one: Change "Studies" to "Evaluation" and AMs to AME. Dittb 
for line 4. 

line 5: Change sentence to 'These solubility studies guided the 
selection of dose conversion factors. . . ." 

line 11: Change "address" to "addresses." 
Table 4: under ICRP 71, correct "inhalation" 

p. 18, bottom: Change heading to: 'Task 4: Methodology for Determining 
SALS" 

At the beginning of the final para on this page, insert the 
following three sentences from p. 4 (note that I have added the word 
"orally" to the first senterm and "both" to the second senbence copied 
from p. 4; I have also deleted a phrase frwn theseoond senteme): 
"Designing a mettrodology for calculating soil actions levels based on our 
exposure scenarios was the focus of Task 4, and was presented to the RSALOP 
orally in November 1998. This methodology induded the uncertainties of 
both the input parameters and the resulting soil action levels. Based on 
the methadology of Task 4 and the input parameters and assumptions of Task 
3 for the cumputeradeselected in Task 2, wedeveloped a method to 

Iculate radionuclide soil actions levels for each of seven scenarios." 
Then continue with the final para. of p. 5 as follows. 
Final para, line 5: In  sentence that begins on this line, insert 

after "ratio" the words: "of the total permitted dose" or "of the total 

." 
bottom: Change heading to 'Task 5, Independent Calculation of the 

Soil Action Level" Should "level" be pluralized? 

- -* p. 21, third from last line of first para: -Insert "the" before "RAC child." 

p. 25, bottom: Charge heading bo Task 6: Soil Sampling P d m A "  

p. 26, final line of top para: Should this say "on statistid methods in 
detail"? 

First full para, end of final sentence: Shouldn't this say "for 
the soil action level ptmess"? or "for enforcement of the soil action 
levels"? 

Final para, fifth from last line: change comma after "concept" to 
a semicolon 

p. 27, second bullet: Add a period at end. 
Third bullet: Delete commas. 
GENERALLY REGARDING THESE BULLIFIS, THEY WOULD BE IMPROVED'IF THEY 

ALL HAD THE SAME OR SIMILAR GRAMMATICAL SIRUCTURE. FOR EXAMPLE, ALL COULD 
CORPORATE SOME VERSION OF "SHOULD" (AS IN BULLET 6) OR NONE SHOULD, ETC. 

1/21/00 
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p. 27, Condusions: This needs to be rewritkn to reflect RACs intent to 
recommend a single number. Again, the text should say that the number 
provided equals an RSAL calculated to the best of RACs ability intended to 
protect the maximally exposed individual in a realistic ~aenan'o from 
reoeiving a dose not in exass of the allowed annual dose. The RSAL was 
wlwlated to meettheseoonditions. Then the text might say that other 
k tors  that were not considered by RAC indude the ones listed at the 
bottom of p. 27 (exduding the probability of exceeding the dose limit). 
This way of putting things emphasizes that the purpose of the RSAL is to 
protect public health, not to cut costs, to meet unrealistic dosure 
deadlines, etc That is, health is the driver. O m  we know with some 
assucam what is required in this realm, then we can discuss other 
COnCWllS. 

p. 28: Finally, a personal comment: While I understand very well that the 
methodologies used in 1996 by the agencies those now used by RAC are quite 
dissimilar, what the affeaed public has to live with is the final result 
- that is, an RSAL that spedfies how much Pu, ek, o n  legally remain in 
the soil. From the perspective of the putative exposed person, it doesn't 
matter how the RSAL was calculated. What matters is the quantity of stuff 
allowed to remain in soil and thus to present some level of risk, now or 
later. Whether RAC likes it or not, the quantity allowed to remain is 
comparable. As a specified quantity of pCi/g of, say, Pu the levers will 
be mpared. Hence, while I think it appqxiate fw RAC to emphasiie, as 
it does on this final page of the Project Summary, the differences in 
assumptions, inputs, and methods used, and even for RAC to say why its 
approach may be better than that used in 1996, it seems futile to argue .. some in the public were dissatisfied with the on'ginal RSALs. I f  we get 
lower RSALS it will be bemse some of these same people fawx RACs 
numbers. RAC s h e d  the RSALOP that it was possible to compare RSALS 
adopted for other sites with those adopted for RF. It takes much less 
banslation of concepts to compare the results of RACs work with the 1996 
RSALs. So, i t s  probably wise for RAC to refrain from telling people not 
to do what they are brwnd to do. 

gainst comparing end results. The RSAL review was commissioned because 

~ 

- 

p. 98: -Change the langwge to Gkr  throughoa this fi 
Actinide Migration Evaluation. 

p. 99, second full para, final line: insert "be" a h r  "to." 
M: The report by Ward Whicker on biological mobility and the 

paper on this topic by K Higley and Ward Whider were axnmissioned by the 
Technical Review Group, a suboommittee of the Gtizens Advisory Baord 
established to oversee the AME work; these reports, thus, were not, 
strictly speaking, projects of the AME. 

Finally, it oocurs to me that your assertion that Pu in oxide form 
is unlikely to migrate in groundwater may be countered by the Jan 99 Nature 
artide on Pu migration in colloidal fwm in groundwater at NT5. I believe 
there may be research at IANL that reaches a similar condusion for that 
site. Litaor daims to have found lateral migration of Pu in subsurface 
soil under conditions of saturation at RF. Pu is moving into the surface 
water exiting the RF site from a souroe the AME researchers have so far 

n unable to identify. The groundwater pathway may play a part e inly it is complex. Just as certainly, one should be very ~ u t i ~ u s  
with daims that Pu is unlikely to move into the groundwater. Aazpting 

appendix to -- - 

1/21/00 
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this caution will necessitate one or two changes earlier in the text, at 
points I annot now spedfy but will watch out for in the next round of 
editing. 

Please feel free to contact me if there are questions - 303447-2779. 

. ................................................ 
&Roy Moore, Ph.D. 
Rocky Mountain Peace and Justice Center 
P. 0. Box 1156, Boulder, Colorado 80306-1156 USA 
Phone 3034444981; FAX 303444-6523 
E-mail address: lerovmoore@earthlink.net 

I 
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TO: John Till 

FROM Mary Harlow, Rocky Flats Coordinator City of Westminster 

SUBJECT: Draft Report, Project Summary Comments 

Given the importance of this summary document I believe it would have been beneficial 
for RAC to consult a technical writer to ensure the accuracy of the summary and the 
proper flow of this document. Much of the discussion tends to ramble. 

I would have liked a stronger presentation of this work. RAC uses a lot of wiggle words. 
Given the uncertainty that we know is prevalent in determining a SAL standard and a 
reuse scenario RAC can always prefhce this work by stating that their scientific review 
should be viewed as a document that represents what science knows about radionuclides 
in the soils at this point in time, and that because of the lack of information on the health 
effects of low level radiation over time it is very prudent to err on the side of 
conservatism 

A section needs to be added as an addendum on the RSALOP panel and its role in this 
important review. 

I would offer the following comments on the document: which I found tedious to read. 

INTRODUCTION---Should contain, who, what, when, where and why? 
The introduction needs to be improved upon. 

Second sentence. The Risk Assessment Corporation (RAC) was selected by the 
Radionuclide Oversight Panel in August of 1998 to conduct an independent, credible, and 
transparent scientific evaluation of the appropriateness and accuracy of the RESRAD 

del and associated issues relating to determination of the radionuclide soil action 
- - ^ _  .- levels at the RockfFl3s Environmental Technology Site; This review was the result-of .~ 

public concern about the interim radionuclide soil action levels developed for 
implementation by the United States Department of Energy (DOE), the Environmental 
Protection Agency @PA) and the Colorado Department of Public Health and 
Environment (CDPHE). 

The Goal of soil action levels is to protect people who may, in the near or distant future, 
come into contact with _a site where radionuclides contaminate the soil at levels above 
background. Soil action levels are calculated to identifL the concentration of one or more 
radionuclides in the soil above which remedial action should be considered to prevent 
people fiom receiving unacceptable radiation doses. Soil action levels are quantities, one 
or more per radionuclide, that depend on four things: (continue on) 
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Third paragraph first sentence, Change we to RAC focused. e 2 

Second sentence, ..In designing scenarios, change we to RAC 

Take out the last sentence. “The potential significance of the groundwater pathway” 
Areas that warrant further discussion should be in a separate section not in the 
introduction. 

Page 2, first paragraph needs to be totally revised to reflect the fact that RAC will provide 
a number with qualifiers. When rewriting this paragraph add community values for 
additional considerations. 

Project Tasks 
Needs to flow better 

Place the table for the tasks first. 
Add the discussion on page 3 in paragraph two that discusses Task 1 take out at other 
facilities, we didn’t look at fbcilities we looked at 10 sites, both national and 
international. that were contamiuated with radionuclides and undergoing or about to 
undergo cleanu~. 

Paragraph under the current layout of the Project Task ... change RAC along with the 
Advanced Integrated Management Services to RAC along with the RSALOP focused on 
this end through the project scheduling and conducting public meetings and making 
written materials available. Add Advanced Integrated Management Services, Inc. 
provided LIWW ement sumort to the RSALOP for the pro-iect. 

Under Task 2 page 4, the first sentence is an error. Task two focused on reviewing the 
RESRAD model used to calculate the current interim standard at Rocky Flats as well as 
other models that are available for calculatin~ soil action levels. 

Paragraph 2,3 page4 needs to be revised to reflect the fact that RAC will provide a SAL, 
After the discussion on tasks, add the first to paragraphs that discuss the calculation and 
design objectives. 

Public Interaction 
Second sentence. The crucial first-step in the cleanup was determining the 
concentrations of radionuclides that could be left in the soils after cleanup was complete. 
This sentence doesn’t make sense. Suggested rewrite: Determining the concentrations of 
radionuclides that can be left in the soils at Rocky Flats after cleanup is complete is a 
crucial first step in the cleanup process. 

- - - _ _ _  2 s  - I __ .- 

nt to keeD the public and surrounding 
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informed as to the Drocess of the scientific review of the interim radionuclide soil actions 
undertaken by RAC. Add: The RSALOP as well as RAC was committed to ensuring 
that there was public involvement and interaction during the entire review process. 
Change the next sentence to read. The MALOP made a determination that was h i d y  
suDprted by RAC, to hold and have RAC present at pre work-meetinp technical sessions 
that were open to the Dublic. Three general Dublic meetings took  lace during the course 
of the Dro-iect. The public meetings were geared towards a general audience to update 
them on the work bemg done. Continue on with the sentence that starts Research that 
impacts the public must necessady..etc. 

A statement needs to be included about the support of the Citizen's Advisory Board in 
having a website available related to the review as well as providing work on handouts 
for public meetings and management of the DOE grant. Maybe a general statement 
needs to be d e  about the involvement of CAB. We couldn't have managed this project 
without their agreement to manage the grant. 

Break out the paragraph on Dr. Meinbnolds workshop and tile it, underline in or in some 
manner indicated the importance of this workshop. 

Add a section underlined or bolded on the Peer reviewers. 
It needs to be mdicated that DOE did not pay for the peer reviewers that the RSALOP 
obtained funding fiom the community for peer reviewers because of the importance of 
enswing the validity of the scientific review. 

A statement needs to be added about the number of questions received fiom the DOE that 
were answered in writing during the project. 

Interaction with the Actinide Migration Panel 

- 

* -  

You might want to add how many meetings RAC attended of the Actinide Migration 
Panel 

.-- _-- - - - . -  - - ._ .- - - - -  - - - -  - - 

Page 6 first sentence is inco 
The analysis was performed in order to compute actinide loads on a storm-specific and 
annual basis for Woman Creek, Walnut Creek drainage basins and the South Interceptor 
Ditch (SID), which drains into the C2 pond, which is also part of the Woman Creek 
watershed. 

ParamaDh 2 Pave 6 is conflicting and should be rewritten. It states First, the panels 
research has provided a qualitative picture of movements of actinides through the Rocky 

and should be rewritten. Suggested language. 

Flats environment; namely, that they move quite slowly and deliberately toward the 
aquifer, ifthey move at all. I would take out ifthey move at all. 
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Table 2 is confusing. Especially when you look at Rocky Fiats versus Johnston Atoll, 
Maralinga and Palomares. This table should not be put in here. A discussion of the 
findings on page 9 is important. 

Page 9, first paragraph. RAC needs to break this out into sectiom-that are underlined or 
bolded. Take the review of the RESRAD mode1 and put it in a section by itseg and then 
have another bolded section for the review of action levels at other sites. The reader 
needs to be able to find this information without digging through a whole page of type. 
These are both important topic areas. 

You might change the lead in to say that RAC reviewed the RESRAD Model Version 
5.61that was used to set the initial values at Rocky Flats and determined that the outcome 
of the calculations using this model were strongly controlled by a few factors or 
parameters 

, 

Page 1 1. XESRAD starts a new paragraph and should be indented. Add RESR4D was 
developed by DOE at Argonne National Laboratories in (what years) This paragraph 
should contain all the information as to where the models were developed. It does not 
need to be repeated in the sub bullets. 
THERE NEEDS TO BE A PARAGRAPH ON THE VERSION OF RESRAD CHOSEN 
TO DO THE REVIEW AND WHY IT WAS CHOSEN 

Inputs and Assumptions to the Model 
Third sentence that starts for the parametem the were the most important to the iinal 
outcome, RAC developed site-specific values if data were available.. .Be more specific 
indicate the data that was available and what was not 

Page 14 first paragraph you state that " a wide dktriiution of values for uranium, 
plutonium and americium, 6asd on 6 eXte&ive review of the pubkihed liieratufe. Note 
the literature that was reviewed and indicated to the reviewer that it is listed in the 
Bibliography. 
Highlight area of contaminated zone, mass loading and mean annual wind speed. 

Paragraph 3, Page 14. You mention that.. ..the effect of high winds events on moving 
contamination fiom the 903 pad area before it was covered with an asphalt pad was 
evaluated in the Historical Public Exposure Studies on Rocky Flats. You need to provide 
information as to what those studies indicated. The next sentence is vague. Also, you 
should note and include a copy of the HAP report that deals with the 903 pad area and 
note to the reader it is attached. 

Page 15, first paragraph. The discussion of use of irrigation with groundwater needs to 
provide Sonnation that this area is a semi-arid climate and that during drought years 
water shortages occur and that as population increases the need for water increases and 

@ 
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that at some point in time the groundwater at Rocky Flats could be viewed as a viable 0 
resource and that is why that it needs to be considered. You may also want to indicate 
that the flow fiom groundwater would be 2 gpm, which is subsistance level. 

Other Parameters 
Starting this sentence with the statement that “the other parameters are vague. Name the 
parameters that were not sensitive to changes in values so the reader doesn’t have to go 
back looking for that information. 
Also the next sentence states, “for some parameters RAC changed the previous value. 
Name those parameters. 

Last sentence in the first paragraph starts “Because of the severe limitations on time 
and resources. I don’t agree with this statement. $500,000 is not a severe limit on 
resources. A better statement would have been that looking at the migration of AM 241 
and its daughters is important but not in the scope of this study. I strongly suggest that 
this sentence be rewritten. 

Plutonium Solubility and Dose Conversion Factors 
First paragraph. I don’t believe that the statement that the plutonium that is found in 
Rocky Flats soil is generally highly insoluble and attached to soil particles is correct. I 
believe that it is also found attached to organic material. 

Table 4. Under the headings there is a typo, under ICRP 71 Inhalation. The n is on the 
second line. 

Scenarios 
Change We to RAC. 

~ - - _ _  .-- ~-- --- ence Paragraph 2. RAC states that; ‘ 
-simulaGo& provide-a h e  of rehlts.’’ 

Page 2 1, paragraph 2. DOE asked for a chart to compare numbers. RAC states that the 
results of the calculations cannot and should not be directly compared because of 
differences in the methods and p e t e r s  used. This statement needs to be incorporated . . 
upfiont when RAC discusses the number for the SAL’S. This is an important statement 

I am not against also keeping the statement here but it should be underlined because of its 
importance 

CONCLUSIONS 
The conclusions need to be re-written. RAC needs to be specific in its findings in the 
conclusions. The statement on the background levels should not occur here it should be 
put into the topic area that discussed the-calibration of the resuspension model. ‘ e  
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COMMENT ON THE BOXES . 
The boxes need to be looked at carefuuy. The jjrst box in the introduction needs to have 
some removed. DOE in fact provided a substantial amount of fimdmg for this project. 

The box on page 2 is inappropriate and it needs to be taken out. RAC is weakening the 
strength of its’ work. 

. * 

The box on page 6 is incorrect. It is just not the 903 pad that has insoluble plutonium, it 
is the whole site. 

. 
. .  

. .  
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, EXECUTWSUMMARY 

> I  The primary objective of this project has been to review radionuclide soil action levels 
. (RSALs) adopted by the U.S. Department of Energy, the U.S. Environmental Protection Agency, 

and the Colorado Department of Health and Environment in 1996 for cleanup at the Rocky Flats 
Environmental Technology Site. Another objective has been to recommend a technical method 
for independently deriving BALs for the site. As a result of public concern about the soil action 
levels established in 1996, the Radionuclide Soil Action Level Oversight Panel, a group of 
community members with considerable experience in Rocky Flats issues, was formed. 

E provided funds for the Radionuclide Soil Action Level Oversight Panel to 
ontractor to conduct an assessment of the interim RSqLs and- to independentl 
r the RFETS. Through a competitive bidding process and evaluation, 

oil Action Level Oversi . Corporation (RAC) -was selected by-the Radio 

RAC's methodology for determining RS 
ions of an earlier approach proposed by DOEYEPAKDPHE th 

computer program. The contract required that the work consider maximum annual dose limits of 
15 and 85 mrem in any year over the next lo00 years. RAC adopted the 15 mrem y-I .limit for a 
technically based RSAL because it was more protective of the public. Although several computer 
codes were considered for use as the basis of RAC's analysis, the R E S W  code was adopted 
because it was the most practical choice and was required to be used in addition to any other code 
that may have been selected. RAC designed extensions to RESRAD to include (1) considering the 
heterogeneity of radionuclide concentrations in soil around the site, (2) quantifying uncertainty in 
predictions of dose, (3) considering additional exposure scenarios, and (4) treating the possible 
occurrence of a large grass fire. The exposure pathways considered were inhalation, soil and food 
ingestion, and external irradiation. In addition, groundwater use for both irrigation and drinking 
water was assumed for some scenarios. 

The RSAL values include estimates of the uncertainties and are designed to ensure that the 
permitted annual dose limit for the targeted individual is exceeded only with low probability. For 
each scenario, curves were presented that representing the probability of exceeding the radiation 

or uranium concentrations in the soil. Each probability level dose limit as a function of 

RAC applied this methodology to the Rocky Flats data using the most restrictive exposure 
scenarios approved by the Rocky Flats Soil Action Level Oversight Panel and assuming a 10% 
probability that the 15 mrem y-' dose limit will be exceeded (Le. a 90% probability that the dose 
limit will not be exceeded). Using this approach, the technically derived RSAL for 
soil at Rocky Flats would be 35 pCi g-I. This calculation was corroborated by an alternate method 
calculation that also resulted in an RSAL at the 10% level of about 37 pCi g-', suggesting 35 pCi 
g-l as a technically based RSAL for the Rocky Flats site. The results as presented are a reasonable 
indication of RSAL magnitudes based on purely scientific considerations if the prescribed dose is 
not to be exceeded. 

The calculation of uranium RSALs was done somewhat differently than those for plutonium 
because of significant differences in the nature and extent of contamination and the mobility of 
uranium in the subsurface. For each uranium scenario, consideration was given to whether 
groundwater was a viable pathway. A viable groundwater pathway assumed that the surficial 

239+24opu 

- - _ _  _ - -  - _ -  corresponds to a-distinct concentration of 23pe240pu - or uranium in soil. --- - - 

239+24opu in 

Risk Assessment Corporation 
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aquifer underlying the site would provide enough water for human consumption and irrigation. 
The impacts of a probabilistic fire were also evaluated but inclusion of this process in our 
calculations made little difference in the resulting RSALs. Assuming the groundwater pathway 
was viable and a 10% 'probability, the technically derived ='U RSAL for the most restrictive 
scenario (child of rancher) w&'lO pCi g-'. 

We believe the general approaches presented in this report and these results are sound and 
we recommend their adoption. Data limitations impose uncertainties on estimates of doses, and 
we have been careful to indicate these uncertainties in our analysis. The project's time and budget 

' goals precluded a more in-depth investigation of several important areas of research that, if 

I 

I 0 
I 

.' . ':-addressed in the ' fuk ,  could.strengthen this analysis. We have presented these recommendations . . ' : . .  . 
.. . . .  . .  

, . ..:for 'further.research. gnd kcognize 'bat 'they could change these results somewhat and improve 

Sc :&volvemnt 'was particuiarly important in this study because of the impact 'the 

tion ,Level ."Oversight Panel, were. committed to ensuring that there-. was public 
d: jnt&ahion.during the entire 'review process through ' open technical work 
eral public medings: ', . 

. .  ._  
. . . .  . . . 'th&&.'as i.b~i$for,becision.making.,.', ' " ' . ' . i  . 

_ _ .  

.have on the local communities surrounding the site. RAC, along with,the Rocky . .  

. .  

sound technical foundation ' and credible scientific methodology. are the most important . . . .. . I  _... 
I .. 'relemknts '&&tting.soil &tion levels for Rocky Flats.site. However, the fmal decision on setting 
'. '&e RsALs ultimately lies in the hands of the stakeholders, U.S. Department of Energy, State and 

federal authorities,-iind the community working together to arrive at a cleanup level that provides 
. ' -long term protection of the .public. RAC believes that additional research in specific areas could 

, . . reduce'some of the uncertainties and help to develop more.welldefined methods in the approach. 

... 

. .  
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1TECHNICAL SUMMARY 

Site (RFETS) is owned by the U.S. Department 
ompany. The RFETS is located 5-6 

ster, and Broomfield, Colorado, and 16 mi (26 
gure 1). For most of its history, the Dow 

a nuclear weapons research, development, 
ite manufactured components for nuclear 
to the environment. In 1989 Rocky Flats 
the process of cleaning up contamination 

e soil 'on the Rocky Flats site is contaminated with plutonium and uranium from 
g operations, and from leaking barrels of 

ils and solvents that were stored at the 903 Area, an outdoor area directly east of 
buildings at the Rocky Hats plht. 

Figure 1. Aerial photograph of the Rocky Flats Plant looking northwest. The highest levels 
of plutonium in the soil are found in the vicinity of the 903 Pad, which is marked on the 
photograph. 

Risk Assessment Corporation 
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~~ ~ 

. .  The focus of the current project was to develop a methodology 'for determining radionuclide 
: soil action levels (RSALs) q d  to, calculate RSALs. , .. . for Rocky.. Flats by applying this methodology. 

RSALs are certain levels or concentrations of one or more radionuclides in soil above which 
remedial action should be .considered .so. that .peopl.e do not receive radiation .doses above 

;.permitted levels. .In October 1996 DOE, the U.S. Environmental Protection Agency (EPA), and 

, . 

so' action ~evels &'be used in the 
cleanup. of ;the Rocky.: Flats site 
..(DOE/EPA/CDPHE . . . . . .  1996)., . 

.: . ks a result of pubic coqcern 
lide Soil Action Level Oversight 

I. ' o f . . ' kmm~i ty  members .with 
. 'In: 1998,.,DOE provided. funds 
t .of the.&te& RsALs and to 

tive bidding process and 

. .  
qnd wA.s cornplea: in.March 2000. 
RACS :work on 'the.soil Bction level project. 'It provides an 

Icdes .xi'a&hments .ttie';full' set,:of technical reports issued as a 
.ouilines' @e backgrouqd.to the;project a d  scope of work. It 

develope&for :de&mi&g RSALs, 'and identifies the results 
we. ob&ed . . .  for each. scenario. This'&port also describes *e individual project tasks and how 

,$ethnically derived RSALs for 
conclusions concerning the 

. . . : .  . ._ 
DESIGN OF THE STUDY 

ent assessment of the interim 

e 40 CFR 196. &4C developed 
mit..for tw;i reasons: it is more 

of. risk associated with this dose better 

3. 'To consider any realistic scenarios of exposhe for the future, . . .  without being restricted to 

4. Toinclude uncertainties &I the calculation to the greatest extent possible. 

. ' .coq~sponds to'the target level of risk associated with federal guidance. 
. ., . .  . .- . .  

previously' proposed scenarios. ' 

.. . .. 
. .  ~. . .  . .  

... 
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ing RSALs and select one that 

e code could be modified to 

ed with radionuclides at levels above background. 

ctive materials in air and water in an area like Rocky Flats and developed 
for the project. In designing the scenarios, RAC followed the principle that if 

rstand the behavior of radionuclides in the soil and how soil can be 
se inhalation can be one of the important exposure pathways for 

r Pathway in detail in 
project -,too 

little is now k 9 W  Extensive 
ongoing research by the Actinide 
Migration Evaluation (AME) 
am is expected to provide data 

not currently available. Although the groundwater pathway was ruled out in the previous analysis 
(DOEkPNCDPkE 1996). RAC included the pathway in our analysis for three scenarios to 

individual radionuclides in the soil. In reality, the soil 
contizins a mix of radionucIides that can contribute to 
radiation dose; therefore, a mathematical method, called 
the sum-ofir&s, was used. 

Risk Assessment Corporation 
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y ,  
: 

. ' 

\ .  

' .: 
. ". 

. . .  . .  _i 

A .:&teniiir;is~";-calcrilation";yields. . .  && ,&,,,bet without .indication of uncertainty 
. , .. '. ' ,, , in .the ' value. In. this case, when 

result 'or -output 'from the ca leuf in  being a single 'the '&ti,os ,Qf.radio&clide levels 
number.' CO.&mt, &..Stochastic C U k U h ?  t a k e S h t 0  .'divided by soil action 'levels are 
~ccoud the &certainties ofthe input phrqmeters, 'and it ' .c&p&~ With 1, 
results.' in'a distribution of possible .result&: .We adopted .the' sun;-Of-rati~s ' is itself a 
the stochqstk appro'cjch in this S'tudy. ' . deterministic quantity; that is, a 

single number, with typically no 

::the'.:&put -vdues *e .,shgh' :nu&eh .With 'the 

. .  .\ ......... ~ . . . .  I 

. . . .  . _. . ' 

. .  

. . .  
possible contact with people lis an uncertain process, and mathematical models are used to 
simplify .these processes. 

-In a stochastic calculation, the natural variability and lack of complete knowledge about the 
p&eters;can bc4reated as . . . .  parameters with-'probability (or uncertainty) distributions. In this 
case, 'the soil &tion. levels and su&6f-ratios that result from the model calculions, reflect the 
..uncertainty' of the;input parameters. The data and bput parameters ;are .presented k probability 
distributions,.' using . . .  probability theory . . . . . .  0 computational .methods to propagate 

..unce&ty to,'the results.'Mihy. simu ed out using random'.sampling to select 
values .from the disdbutions of mbdel'p . <.'. . simulation yields a . . . . . .  A g e  of values that 

' are 'used to conshct&&r&ain& distributions for,the ksults. , . 
'.-When uncertainties -in .soil i t ion.  levels. are considered, the decision about the extent of 

cleanup is not aS straight-fokakai in lhe'.deterministic case,'where the sum-bf-&ios is a single 
. number that. is. to be compaied 'to 1; -When.&certainties are considered h"the calculation, the 
. :sum$f-rkios is.a.dis&bubon.of values,-which provides an estimate of how'prdbabie it is that the 
sum-of-&ios exceeds 1 . X  that p&bability'is'small, then a decision may:be'made that no action is 
required, even though there is so& possibility that the annual dose limit . .  could be exceeded.' 

Based on' RACs methodologY, input:pmeters, and exposure scenarios, we provided a 
technically .derived RSAL for . . .  -and .uranium in soil at Rocky Flats: The RSAL'values 
include.estimaks of the uncertainties &d are besigned to make it unlikely that a scenario subject 
.would receive more than 'a 15 Gem-y-' dose. By protecting the most conservative individuals 

. . . .  . . .  , .'. . . .  . .  

. .  , .  , ... ., 

. . . . . .  

. . . . .  . .  , 

. .  
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ce of contaminants in soil. 

able 1. Individual Radi 

ffice worker Open spaceuser 

Plutonium-240 
Uranium-234 
Uranium 235 
Uranium-238 
'Taken from Table 5-1, DOEIEPAICDPHE (1996). These RSALs were calculated using a 

different methodology than the RSAL values that RAC calculated and presents in this report. 
Thus, comparing the results of the two methods is misleading. 
Annual dose limits from EPA draft 40 CFR 196 (EPA 1996) that were used in the previous 

- - -  - ---  - - _ -  - -- . ~ - -  
~ 

Table 2. Example of the DOE/EPA/CDPHE Radionuclide Soil Action Levels 
(in pCi g-') Based on the Sum-of-Ratios a 

Office Worker ' Resident 
Radionuclide 15 mremb 85 mremb 15 memb 
Plutonium-239,240 115 , 651 562 
Americium-241 21 117 101 
'Taken from Table 5-2, DOEEPNCDPHE (1996), which states that "this example assumes 

that the "'AndB% activity ratio equals 0.18 and that only ='Pu and "'Am are present." 
These RSALs were calculated using a different methodology than those RAC calculated and 
presents in this report. Thus, comparing the results of the two methods is misleading. 
Annual dose limits from EPA draft 40 CFR 196 (EPA 1996) that were used in the previous 
assessment (DOEEPNCDPHE 1996). 

Risk Assessment Corporation 
"Setting !he standard in environmental health" 



6 The Rocky Flats Soil Action Level Independent Review 
Technical Summary 

RACs approach to calculating RSALs and the approach employed in the'previous 
DOEEPNCDPHE (1996) assessment c&ot be readily compared because the two ksessments 
used quite different assumptions. The two sets of calculations were perforined with different dose 
conversion factors and different soil resuspension models and data. Additionally, in the 
DOEEPNCDPHE (1996) calculation, the principal pathway contributing to a person's dose was 
inhalation; in the corresponding RAC estimate, ingestion played a much more significant role. 

e 
Finally, the DOE/EPA/CDPHE calculation was deterministic, whereas RAC's was stochastic; the 
RSALs provided by RACrepresent the 90th percentile of a stochastic simulation. RAC also 
included the effects of a prairie &ass 6 in the calculation of soil action levels for each scenario, 
considering the probability of a fire occ'uning in the area (see 'Task 4: 'Methodology for 
Determining Soil Action &vels section). Evaluating similarities or differences between RAC's 
RSAL values and those reported in the DOJYEPAKDPHE (1996) i appropriate &cause of the 
numerous differences between the methodologies used. 

. . .  
I .  , &  

. . .  . .  .. ' . .  . .  . .  

. . .  

. . . . . . . .  : ,  . . /  . .  .. ;.\ 
:PROJECT TAS 

'.: . . : i 
. ., 

. .  ..: ,).,-/.". .! - : 

To calculate soil action levels for the RFETS, the current project was designed to follow a 
careful and systematic course. The selected approach proceeded after selecting a computer code 
to analyze exposure pathways and sensitive parameters affecting the final results. This project 
was laid out in eight tasks. Five of the tasks (Tasks 1, 2, 3, 5, and 6) resulted in written reports; 
one task was completed as a presentation (Task 4); and two tasks (Tasks 7 and 8) were ongoing 
throughout the project. Table 3 s u d s  the project tasks. 

Each task listed in Table 3 was an important step in the process of this work. The following 
pages explain each task in detail. Our discussion begins with Task 8, and is followed by Task 7, 
because these two tasks involved interaction throughout the project. 

Table 3. Project Tasks and Reports - 
. . . .  . . . . . . . . . . .  . .  . . .  .. ' Locatipn in : ,:. - ..: . ,. . ,  

. . .  
Task '. ,..Reference . . . .  ;. . . .: . current reporta 

.I: Cleanup Levels at Other Sites' . - Weber and TilL.1999 . . . . . . . . . .  Attachment A 

2: Review Computer Models to 
Calculate Soil Action Levels 

Killough et al. 1999 Attachment B 

3: Inputs and Assumptions 
4: Methodology for Determjniig 
Soil Action Levels 

5: Independent Calculation of 

6: Soil Sampling Protocol 
7: Interaction with Actinide 

RSALs 

Migration Evaluation team 

Aanenson et al. 1999 
Presented at November 1998 
RSALOP meeting; 
described in Killough et al. 2000 
Killough et al. 2000 

Thorne d d  Rood 1999 
NO report requirexi * 

Attachment B 
Attachment B 

Attachment B 

Attachment C 
Attachment D 

8: Public Interaction 

the reports for Task 2,3, and 5 be grouped into Attachment B. 
Attachment D contains written summaries of the quarterly AME meetings. 

No report required 
a The layout of the find summary report was specified in the project contract; this required that 

* .: 

. .  



I 
Technical Summary 7 
Final Report . 

TASK 8: PUBLIC INTERACTION 

Public involvement was particularly relevant in this study because of the impact the cleanup 
levels .may have on the local communities surrounding the site. With any study that involves 

. members of the public as stakeholders, it is important to involve-the public in new*and creative 
ways in the decision-making process. RAC, along with the OP, focused on ithis end 

I throughout the .project by scheduling and 
materials available. Advanced Integrated 
management support 
DOE grant for the 

the RSALOP for th 

rmation, and provided technical assistance throughout the project. 
was important to kee 
of the interim RSAL 

RAC, were committed to ens 
entire review process. Month 
of the project. The monthly 
RSALOP, the agencies, and the public. D d g  these meetings, RAC received ‘guidance from 
RSALOP members regarding the direction of the project and input parameter values. Ideas and 
insights coming from discussions at these mee s would have been lost had this interaction not 
existed. 

The RSALOP and RAC agreed to hold informal public technical sessions immediately 
before the regular monthly meetings to make sure all questions could be addressed and all issues 
discussed fully. These technical work sessions gave anyone interested in attending a chance to 
ask more specific questions and to discuss the technical details of the work. These sessions served 
as round-table discussions and much was accomplished by explaining our methodology, 
clanfying issues, and presenting examples of our work to the attendees. 

Three general public meetings took place during the course of the project. The public 
meetings were geared toward a general audien pdate them on the work being done and to 
respond to their questions and comments. 

~ __ ~ A special workshop on risks from ioactive materials was held on February 
1 1,1999, in response to band concerns risk-estimates and-how they are derived. - -  

This workshop, led by Mr. Charles Meinhold, Resident of the National Council on Radiation 
Protection and .Measurements, was open to the public and helped inform the RSALOP. about 
current practices in risk protection and management. 

Five peer reviewers from around the country, contracted by the RSALOP and paid-from 
community funds, reviewed and provided written comments on each of our five draft technical 
reports. We also received review comments from RSALOP members, DOE personnel, and others 
attending the monthly meetings. This review,process,helped identify areas of concern not already 
considered and allowed us to address many of the concerns within the context of our work. We 
responded to all comments in writing, and-these responses were reviewed and accepted by the 
RSALOP. The final reports reflected changes made in response to all review comments. The 
process of public interaction and review took place throughout the entire project and provided a 
valuable means for identifying issues that were critical for the public. 

Risk Assessment Corporation 
“setting the standard in environmental heah ” 



Findingsjiom the Actinide Migration Evaluation studies 
were .incorporated into our calcu-ns and results. 
Studies verifled that (1) plutonium .iS in an insoluble 
form in the sod in the 903 Area, an outdoor storagearea 
that iS heavdy contaminated .and that (2) actinides move 
through the Rocky Flats environment quite slowly 
toward the aquifer, if they move at alL - 

. .  . .  , 

processes at Rocky Flats is 
relevant to the current soil 
project h a u s  the studies m y  
help characterize the chemical 
and physical form of plutonium 
at the Rocky Flats site and help 
define the potentially 

‘C 
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dissolved-phase transport model, dichtes the rate of ac 
AME work might have an impact on RACs results. . 

between soil action 1 
in October 1996 (W 
criteria, exposure pathways, and 
input parameters for calculating 
dose and contamination levels in 
soil, this task w 

To compare cleanup levels or-soil action levels, at other 
sites with those at Rocky F k ,  RAC normalized the 
levels to the radiation 

the magnitude of the interim soil concentration criteria at Rocky Flats. The Task 1 repoh, 'which 
is included as Attachment A in the current report, describes information for each site in ' t em of 
the dose, scenario, and potential exposure pathways used to calculate the cited soil action level or 
cleanup target. The study evaluated 239*240Pu soil ac 
of human health based on reasonable land use sc 
concentrations of 241Am were also provided when available for these sites or facilities. 

The sites methods included in the Task 1 analysis were 
0 

0 Hanford, Washington 
Nevada Test Site, Nevada 

0 

0 Johnston Atoll, Marshall Islands 

Rocky Flats Environmental Technology Site, Colorado 

U.S. Nuclear Regulatory Commission (NRC) codes for remediation 

0 Enewetak Atoll, Marshall Islands 
Maralinga, Australia 
Semipalatinsk 
Nuclear Range, 

- - - -  ~- _ _  - ~. = = -- Kazakhstan 
0 Thule, Greenland 
0 Palomares, Spain. 

To provide an equitable 

Dose is  a general term denoting the quanfill of radiation 
or energy that is absorbed by'the body. Eflective h s e  

e dose to the whole body, taki 

organs and the sensitivity of those organs to radiation. 

~- - 
by each of the- 

comparison among the sites, the reported soil action levels or cleanup criteda were normalized to 
the targeted effective radiation dose after cleanup was completed. This procedure' 
ratio for each site, calculated by dividing the reported soil action levels or cleanup criteria by the 
radiation dose. In the report, we refer to this ratio as the soil action level to dose ratio. A lower 
soil action level to dose ratio indicates a lower proposed or calculated cleanup level. This ratio 
enabled us to identify the factors or parameters that affected the outcome of the calculation tothe 
greatest extent and that accounted for the differences among soil.action levels at the different 
facilities. Table 4 summarizes the results of our analysis, and appears as a sumrnary table in the 
report (Attachment A, Weber and Till 1999). 

Risk Assessment Corporation 
"Setting the standard in environmental health" 
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Table 4. Summary of Comparisons between Rocky Fiats Environmental Technology Site 
Calculations and Those for Other Facilities a 

Ratio of the soil Ratio of the dose to 
- action limit to dose soil action limit 

Hanford residential Original calculation 2.3 0.44 
Remove meat, milk, fish, drinking 34 0.03 
water pathways; change to RFETS 
dose conversion factorb and mass 

Hanford industrial Original calculation 16.3 0.06 

Change dose conversion factorb and a 159 0.006 
worker 

Change to Nevada Test Site dose 2.8 0.36 
conversion factorb 

Nevada Test Site Original calculation 4.1 0.24 - 
residential 

Change dose conversion factor. 
Nevada Test Site Original calculation 

16 
41 

0.06 
0.02 

industrial worker 

Johnston Atoll Original calculation 0.85 1.2 
Change to RFETS mass loading, 17.8 0.056 
enrichment factor and calculate air 
concentration using RFETS dose 

Maralinga Original calculation - 0.56 1.8 
Change to RFETS mass loading, 17.8 0.056 

Change to Palomares breathing rate 14.1 . 0.07 
Palomares Original calculation 12.3 0.08 
a From Weber and Till (1999); see Attachment A. 

pathways like inhalation or ingestion; the impact of the dose conversion factor on the calculations is 
Dose conversion factor is the committed effective dose per unit intake of radioactivity through exposure 

e explained more fully in the Task 5: Independent Calculation section. 
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Our evaluation showed that the interim soil action levels at the RFETS (DOEiEPAKDPHE 
1996) are higher than action or cleanup’levels at other facilities, even when norklized to dose. 
Our comparison was done using the RESRAD Model Version 5.61, which was used to’set the 
interim RSALs in October -1996. We reviewed the soil action level to dose.ratios’ for the other 
sites in terms of the calculations, models,‘and parameters used to calculate soil ‘concentrations 
and/or dose. The outcome of the RESRAD ’calculation .was. strongly controlled by a few 
parameters, and, almost without exception, it was these parameters that affectdthe differences in 

‘ the soil action levels for a unit dose between‘sites. If the same or similar assumptions were made 
for each site, similar ratios resulted. The pafameters that affected the dete 

1s or clean-up criteria to the greatest extent were-the 
Dose conversion factor’(so1ubility class of pl 
represents the committed effective dose per unit intake of radioactivity through exposure 
pathways like inhalation or ingestion: For plutonium, the dose conversion factor 
depends, to a considerable extent, on the .assumed solubility of the I plutonium. For 
example, soluble plutonium has a dose conversion factor’for inhalation that is about 1.4 
times greater than for insoluble plutonium; more importantly, for ingestion, the dose 
conversion factor for soluble plutonium is over 65 times higher than for insoluble 
plutonium.’ These differences mean that the form of the plutonium in the soil assumed 
for each site (i.e., soluble or insoluble) greatly impacted the level of cleanup that was 
done or required. The difference in the chemical form of the plutonium in the soil 
accounted for the difference in the cleanup standards at several of the sites with lower 
cleanup standards than at the RFETS. For example, the plutonium in the soil at the 
Hanford site was assumed to be soluble while the plutonium at the RFETS site was 
assumed to be in an insoluble form. When we did a calculation based on the assumption 
of soluble plutonium for the RFETS, the ingestion pathway became a more dominant 
contributor to the dose, and the dose per unit intake was considerably greater. 0 

I 

Mass loading (resuspension): The mass loading parameter, a measure of the 
resuspension of material transferred from the soil surface to the atmosphere, can vary 

- ~~ - _  ~ _ -  - -  - - over orders of magnitude depending on the assumed environmental conditions. Mass 
loading &d si&lar resuspension phameters have been extensively mekured at=Rocky - 
Flats under a variety of conditions. 
Breathing rate: The breathing rate of the exposed individuals has a less pronounced 
effect on the cleanup or soil action levels than the previous two parameters because the 
range of possible values is limited to within reasonable physiological boundaries. 

A more complete evaluation of the primary model input parameters and assumptions is described 
and summarized in the full report for Task 3, Inputs and Assumptions (Attachment A; see also 
Aanenson et al. 1999). 

-. 

The dose conversion factors referred to here are the ICRF’ 30 dose conversion factors that were used in the 
different analyses reviewed for Task 1. The newer ICRP 67 and 71 dose conversion factors are used by 
RAC in the current analysis. 

1 

Risk Assessment Corporation 
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Five environmental assessment computer codes 
(RESRAD, MEPAS, GENII, MMSOILS, and DandD) 
were evaluated for their applicability to calculating 
radionuclide soil action levels for the rocky Flats site. 
We concluded that either RESRAD or GENII could be 
adapted for the purposes of the project. We selected 
RESRAD. 

TASK 2: REVIEW AND SELECTION OF COMPUTER MODELS / 

estimates into the process of 
calculating RSALs. The term 
uncertainty implies lack 
of full or precise knowledge 
about the value of a model 
parameter or the accuracy of a 

RAC model prediction. 
represented these uncertainties as 

Task 2 focused on reviewing the RESRAD computer model used to calculate the interim soil 
action levels adopted for Rocky Flats. It also reviewed four other computer-based models that 
could .potentially be used for making calculations of soil action levels for the RFETS (Killough et 
al 1999). The objective was to select the most suitable one for our analysis. 

The models reviewed were RESRAD, MEPAS, GENII, MMSOILS, and DandD. DOE 
calculated the 1996 Rocky Flats soil action levels with the RESRAD program (Version 5.61), and 
part of the scope of this project was to review their calculations for choice of the parameter values 
used in RESRAD. RAC selected programs that were generally comparable to RESRAD and that 
are widely used. All five programs examined were developed under sponsorship of one or more 
federal agencies. The results of this discussion and comparison of models are-contained in 
Killough et al(1999), Attachment B to this report. 

RAC selected the programs using the following criteria: 
1. 

2. 

3. 

4. 
5 .  

Correctness of the mathematical models.,How-well does the model account for 
exposure pathways and site features, and how consistent is the program ,with site- 

Validation of the programs. Has the program been checked or confirmed with data 
that are well documented? 
Source code. How available is the entire computer code to RAC, and has the 
program been documented? 
Platform (i.e., computer and operating system) and programming language. 
Flexibility of operating features. Is it possible to bypass the graphic user interface to 
directly speclfy input and output files from the operating system level? 

specific data? 

All five of the programs selected for evaluation could be installed and executed under some 
version of the Microsoft Windows operating system and, as a result, all of the programs were 
accessible. The following 
programs. 

=RAD (RESidual 
Laboratory to evaluate the 

paragraphs summarize our evaluation of each of these computer 

Wioactivity) was developed by DOE and Argonne National 
cleanup and remediation of radionuclide-contaminated soils at DOE 
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facilities. RAC used the most recent version of RESRAD (Version 5.82), which differs in some 
ways from older versions that are still in use. In general, the newer version is a windows-based 
application of earlier versions of RES-. The primary technical difference in.the newer 
version, however, is how the program treats the resuspension of soil. RAC bypassed this portion 
of the code and developed resuspension factors based on site-specific data from Rocky Flats 
(Aanenson et al. 1999; Killough et al. 2000). 

The Multimedia Environmental Pollutant Assessment System : (MEPAS), which was 
developed at Battelle' s Pacific Northwest Laboratories (PNL) and commercially niarketed, was 
applicable to radioactive and nonradioactive pollutants in many environmental media. Because 
Battelle Memorial Institute declined our request for permission to exainine portions-of the 
MEPAS source code, we were not able to consider the MEPAS program for application to the 
Rocky Flats site. GENII, also developed at PNL, provided internal and external dose estimates for 
exposure through all pathways that were ordinarily considered i n  environmental radiological 
assessments. GENII: had been under development for more than a decade and was unlikely to be 
modified further by its developers. Two resuspension models are available in GENII, including a 
mass loading approach that is similar to the one in RES-. GENII also has available a scenario 
of an offsite subject who has been exposed to radioactivity that has been released from the site. 
The RESRAD code in its traditional format cannot address such an offsite scenario. GENII also 
considers an onsite groundwater pathway similar to RESIUD's implementation. 

' 'I 

MMSOILS, developed for the EPA, was a large multimedia environmental transport 
program that was designed for screening assessments of chemical contamination. Although it did 
not treat radioactivity and decay chains, it was included in our review because with some 
modification, it could consider radionuclides in soils. RAC ruled out its use in developing soil 
action levels for the Rocky Flats site, given the time constraints of this project. 

The Decontamination und Decom'ssioning (DandD) computer progrim was designed by 
the NRC as a screening-level analysis program to provide a simplified estimate of the dose to an 
average member of a screening group of people. We decided against DandD because it was still 
in its first version and had not been used extensively and did not have published documentation. 
Moreover, the source code had not been released at the time our project began. 

Based on our evaluation of the available computer codes, RAC concluded that either 
B R A D  or GENIl could be adapted for the purposes of the project. RAC used the most recent 
versionof RESRAD (Version 5.82) for this project. Attachment-B-contains the-full Task 2-report - 
for further details on the models. 

- - - -- 

TASK 3: INPUTS AND ASSUMPTIONS TO THE MODEL 

Following the evaluation of computer codes, RAC identified and developed probability 
distributions for the input parameters to the soil action level calculation that had the most 
significant impact on dose. The selection of these values and distributions is the subject of the 
report for Task 3, Inputs and Assumptions (Aanenson et al. 1999, see also Attachment B). We 
also developed exposure scenarios, that is, hypothetical individuals who might be exposed to 
radioactive contamination at Rocky Flats in the future. These scenarios specify the individuals for 
whnm d n c P r  and c n i l  nrtinn lpvplc were rnlrii lnted .... ".a. Y"""" ....Y Y".. I-..".. ll.-.l ..--- -I-------. 

To calculate RSALs, RAC used the most recent version of RESRAD (Version 5.82) ) to 
calculate the soil action levels for this project. To run the code for this project, numerous input 

Risk Assessment Corporation 
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values and assumptions needed to be selected to determine the soil action levels for cleanup at the 
RFETS so that the permitted annual dose of 15 mrem (in some cases 85 mrem) would not be 
exceeded. We performed a sensitivity analysis using RESRAD to identify those parameters that 
.have the greatest impact on the outcome of the soil action level calculation. For the parameters 
that were the most important to the final outcome, RAC developed site-specific values if data 
were available or created uncertainty distributions of values from published literature sources if 
site-specific data were not available. The probability distributions described the uncertainty in the 
values that arose from natural variability or from incomplete knowledge about a particular 

.parameter. Attachment B of this report includes our assessment of the inputs and assumptions 
(Aanenson et al. 1999). 

,The sensitivity analysis was a single-parameter analysis, where a range of values for one 
, ?parameter at a time was evaluated. Of over 50 parameters assessed for their influence on the final 

result, four parameters were found to impact the final result to the greatest extent. These 
parameters were: 

+e soil-water equilibrium distribution coefficient 
area of contamination 

0 mass loading factor 
mean annual wind speed. 

Six parameters were found to affect the outcome of the calculation only slightly: (1) cover 
depth (depth of soil that must be removed to reveal the contaminated soil), (2) fraction of the total 
outside air contamination that is available indoors (indoor dust filtration), (3) soil-to-plant transfer 
factors, (4) depth of soil mixing layer (depth of uniform contamination), (5) fraction of irrigation 
water contaminated by groundwater, and (6) thickness of contaminated zone (non-uniformly 
distributed). The results showed little sensitivity to more than 40 other parameters required to run 
the RESRAD code, and therefore additional effort was not given to changing or revising the 
values from the ones used in the previous RSAL assessment., RAC made minor changes for some 
parameters, either in the value previously used or in the method of calculating the parameter 
value, to ensure a consistent approach. 

. 

Parameter Evaluations 

Most of our efforts focused on providing parameter values or uncertainty distributions for 
the four most important parameters, based on site-specific data or on literature values (Aanenson 
et al. 1999, Attachment B). Table 5 summarizes the differences in parameter values or approach 
between the previous DOEEPAKDPHE assessment (DOE/EPA/CDPHE 1996) and our 
.approach (Aanenson et al. 1999; Killough et al. 2000). 

The distribution coeflcient is important in the soil action level assessment because it defines 
the relationship of the concentration of the contaminant in the soil to the concentration of the 
contaminant in water, and it can influence calculations involving contaminants in the 
groundwater. RAC included groundwater as a source of water in the RAC rancher scenario. The 
distribution coefficient can extend over a very wide range even for a single type of soil; therefore, 
it was important to incorporate as much data as possible in our assessment. We created a wide 
distribution of values for distribution coefficients of uranium, plutonium, and americium, based 
on an extensive review of the published literature (Honeyman and Santschi 1997; Sheppard and 
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ibault 1990; Dames and Moore 1984; Till and Meyer 1983). In our assessment, the distribution 

of the uncertainty there is about the midpoint (geometric mean or median). 
The area of contaminated zone is a parameter required in the RESRAD code that defines a 

.specified area in which the contamination is uniformly distributed. Unfortunately, for much of the 
area around Rocky Flats, especially east of the 903 Area, the plutonium concentrations can vary 
by ,factors of more than 100. This large heterogeneity contradicts the uniformity that the 
RESRAD soil model assumes. To address this issue, RAC compiled historic soil monitoring data 
from the Rocky Flats area to create contours of contamination at and surrounding the 903 Area. 

ese contours approximate the actual contamination in soil and were used 

measurements and literature values; median 
values (GSD') of 

Pu = 2300 cm3 g-' (5.6) 
Am = 1800 cm3 g-' (8.1) 

Defined based on historic soil concentration 
measurements at Rocky Flats (see report text) 

Model will be calibrated based on results of soil 
and airborne concentration (see report text) 

Will use 5-year annual average STAR data set 
collected at Rocky Flats meteorological station 

Am = 76 cm3 g-' 
U = 50 cm3 g-' 

U = 2.3 cm3 g-' (5.4) 
Area of Contaminated 40,000 m2 

Zone 
Mass loading 

Mean annual wind 

O.ooOo26 g m'3 

Not required for 
RES- Version 5.6 1 speed 

From Aanenson et al. (1999); see also Attachment A. 
GSD = geometric standard deviation, which is a measure of the extent of the distribution 

The mass loading parameter is a measure of resuspension of soil from the ground. 
Resuspension i s a  complex process that-is affected by many environmental factors that have not 
been well documented. The current version of RESRAD uses a mass loading factor to define 
resuspension but even the developers of RESR4D stressed its inadequacy at representing actual 
conditions at a given site. As a result, RAC used historic air monitoring data as the best measure 
of resuspension. RAC considered the location of each scenario onsite where the hypothetical 
person resides and/or works and used actual air monitoring data in combination with the soil 
contamination data to estimate a relationship between concentrations in air and soil that was used 
to estimate resuspension. This process bypasses the calculation in RESRAD and defines 
resuspension based on actual air monitoring data from the site. 

The m a n  annual wind speed, not required in the previous version of RESRAD, is important 
in estimating resuspension in the current RESRAD Version 5.82. However, RACs method 
bypasses the RESRAD calculation of resuspension. Because we estimated resuspension based on 
site-specific air monitoring data, it also was important to use site-specific meteorological data. 
RAC used 5-year average frequency information from the onsite Rocky Flats meteorological 

- -  
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ion for wind speed, wind direction, and atmospheric stability class. The effect of high wind 
ents on moving contamination from the 903 Area before it was covered with an asphalt pad 

evaluated in. the,Historical Public Exposure Studies on Rocky Flats (Weber et al. 1999). 
ecause-high wind results in lower air concentrations than would be expected if the same 

erial was dispersed over a longer period of time during average wind speed conditions, we did 

I' 

I not evaluate high wind events separately in this project. 
' Initial concentrations of radionuclides are also important parameters for RES- if dose is 

not depend on initial soil concentrations of the 
corresponding radionuclides; any non-zero value 
given for a radionuclide will trigger the 
computation of the RSAL). In the previous 
assessment, DOEEPNCDPHE defined the initial 
concentrations of each radionuclide of interest as 
100 pCi g-'. In contrast, RAC used the measured 
soil concentration data at the site to determine 
actual soil concentrations, initialized to the year 
that the soil action level calculations begin. This 
technique accounted for the appropriate ratios of 
radionuclides to the initial calculation of action 
levels. Because soil concentrations for uranium at 

Rocky Flats a& primarily located in hot spots, we calculated separate soil action levels for 
uranium based on the concentration of uranium in hot spots, as determined from the available 
literature. 

. . .  

. .  

Plutonium Solubility and Dose Conversion Factors 

. '  An important aspect of the independent calculation involved determining solubility of 
plutonium in the Rocky Flats environment and determining dose conversion factors for use in our 
calculations. Ongoing studies of actinide migration at the site have helped to characterize the 
chemical and physical form of plutonium at the Rocky Flats site (see Attachment D). The 
plutonium that is found in Rocky Hats soil is thought to be generally highly insoluble and 
strongly attached to soil particles. Plutonium mobility is another area under investigation by the 
AME researchers that may play an important role at the site. These solubility studies guided the 
selection of dose conversion factors for plutonium and other radionuclides. Table 6 shows the 
most recent values for inhalation and ingestion dose conversion factors in comparison to the 
values from ICRP 30 for the radionuclides of interest at Rocky Flats. 

Insoluble forms of plutonium are classified as slow clearance materials. RAC researched the 
-most updated values available for dose conversion factors from ICRP (1999) and used them in 
our calculations. These newer values account for reduced uptake of plutonium from the lung 
based on a new respiratory tract model. The newer model accounts for changes in the relative 
amount of material entering the gastrointestinal-tract from the respiratory tract and also addresses 
the dose to specific cell populations that are at depth in the airways rather than the smeared dose 
used in the earlier respiratory model. In addition, dose conversion factors do show some limited 
age dependence. For very young infants (0-3 months), the ingestion pathway is more important, 

* 
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0.000283 0.02 0.00018 
0.000267 0.02 0.00017 

Bq-’, simply divide the value in the table by 3700 
ICRP 30 (Ice 1978) values have been used in RESRAD Versions 5.61 and 5.82. The symbols, W (week) 
and Y (year) indicate the relative time required for the material to be cleared from the respiratory system. 
‘ ICRP 7 1 listed the latest inhalation dose conversion factors (also given on ICRF’ CD-ROM [ICRP 19991) 

ICRF’ 67 listed the latest ingestion dose conversion factors (also given on ICRP CD-ROM [ICRF’ 19991) 

DOE/EpA/cDPHE 1996) RAC evaluated seven scenarios designed to ensure that if 
d four xxm~%~ were the person living onsite full-time is protected then a 
VeloPed bY RAc after person living offsite also will be protected. We developed 

four scenarios with input from the Radionuclide Soil 

action level metings. scenarios from the previous DOE/EPA/CDPHE 

~ ~ ~ ~ r o u s  discussions With 
the RSALoI-’ at the monthly AZtion &vel -Oversight Panel and included -three 

Table 7 summarizes the asessment. 
parameter values for these 

Scenarios 

.- - - 
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active and sedentary adults, children, and infants. Using these distributions and the recommended 
breakdowns of daily activity for each scenario, we created distributions of scenario breathing 
rates. We then selected the 95th percentile value from that distribution for the annual breathing 
volume. We used a similar process to establish soil ingestion rates for the hypothetical individuals 
in the scenarios. While soil ingestion rates based on studies conducted from a few days to a few 
weeks are valid and important, it is important to consider carefully the implications of translating 
these short-term soil ingestion rates to an annual soil ingestion rate. For these reasons, we 
selected the 50th percentile, or median, of the distribution as the daily soil ingestion rate for our 
scenarios. 

_ .  

Table 7. Key Scenario Parameter Values for DOE and RAC Scenarios" 
. DOEEPNCDPHE 

scenarios s RACscenarios -. 

Nonrestrictive 
Child of Infant of Site 

Open - Office Resident rancher rancher industrial 
Parameter 

. Resident space worker rancher (1Oy) (2 y) worker 

Time indoors onsite (96) ' 100 100 
Time outdoors onsite (a) 0 0 
Breathing rate (m3 y-') 7000 175 
soil ingestion (g y-'1 70 2.5 
Irrigation water source Ground- nab 

Irrigation rate (m y-l) 1 na 
Onsite drinking water no no 

Drinking water ingestion na na 

Drinking water ingestion na na 

Fraction of contaminated 1 0 

Fnrits, vegetables and 40.1 na 

water 

source 

-(L. d-') 

- 5  (L Y - 9  
homegrown produce 

giain'consumption (kg 
Y-9 

Meat org Y-'1 na M 

DOE-1 DOE-2 
Dose l i t  (mrem y-') 15/85 85 
Time on site (h 7') 8400 125 

DOE-3 
85 
2000 
100 
0 

1660 
12.5 
na 

na 
no 

na 

na 

0 

na 

na 

RAC-1 
15 

8760 
60 
40 

10800 
75 

Ground- 
water 

1 
Ground- 

water 
2 

730 

1 

190 

95 

RAC-2 RAC-3 
15 15 

8760 8760 
750 90 

' 25 10 
8600 1900 
75 75 

Ground- Ground- 
water water 

1 1 
Ground- Ground- 

water water 
1.5 1 

550 365 

1 1 

240 200 

60 35 

RAC-4 
85 

2100 
40 
60 

3700 
50 
na 

na 
no 

na 

na 

0 

na 

na 
: ,Mi lk& -1) 0 na M na 110 200 170 na 

'From Aanenson et al. (1999); see also Attachment B. 
This pathway was not applicable to t h i s  scenario. b 

For the remaining parameters, we used the scientific literature to select appropriate values, 
which in some cases differ from the RES- default values or the DOEEPMCDPHE scenarios 
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ario-related parameters are d deterministically in this 

FOR DETERMINING SOIL ACTION LEVELS 

Designing a methodology for calculating soil.action levels based on our exposure scenarios 
as the focus of Task 4. Our approach was presented to the RSALOP orally in November 1998 

umented in 'the Task '5 report (Killough et al. 2000; see also Attachment B). This 
ies in the input parameters and the resulting soil action 

evels. Our calculations for the RSALs were required to meet the EPA draft regulation @PA 
sessment (DOEEPNCDPHE 1996). This regulation stated 

at a remediation standard of J5 mrem y-' should be used at sites with radioactive material in all 
iation dose to be received by an unrestricted release scenario will 
developed technically based RSALs using the 15 mrem dose limit 

e (1) it is more protective of. the public and (2) our evaluation of risk associated with this 

For a single radionuclide, scenario, and dose limit, the soil action level is that concentration 
would lead to a maximum predicted annual dose equal to the 
idering multiple radionuclides, each radionuclide's soil 
, and the ratios are added to give a sum-of-ratios. If the sum- 

of-ratios exceeds 1 for one or more of the exposure scenarios, then some remedial action or 
special attention is indicated. If the sum-of-ratios is less than or equal to 1, no annual dose limit 
would be exceeded, and by that criterion the radionuclide levels meet the RSAL standard. This 
calculation may be applied to observed radionuclide soil concentrations, or it may be used with 

' hypothesized concentrations that represent remediation goals. The sum-of-ratios (SR) is indicated 

get level of risk associated with federal guidance. 

by the following equation: 

ci 
SR=;RSAL, 

- -  - - - _  - -  . - -  - _  _ _  - -.-where _ -  I - ? _  = 
-_ - - - -_ i- ~- 

Ci = the radionuclide soil concentration ionuclide i (pCi g-') 
= soil action level for radionuclide i (pCi g-') 

If only one radionuclide is present, the sum-of-ratios reduces to a single ratio, but the 
interpretation is the same. The sum-of-ratios calculation for uranium was kept separate from that 
of plutonium.'It was not possible to combine the two for a generic site because at Rocky Flats 
uranium contamination is localized and is not as widespread as plutonium. 

nceptual site model used to calculate plutonium RSALs was based on a heterogeneous 
of plutonium soil and air concentrations across the RFETS. This conceptual model 

differs significantly from that used in the 1996 DOWCDPHEEPA calculations, which assumed 
soil and air contamination was homogeneous across the site being modeled. 

We used the air dispersion model to incorporate soil and air concentration heterogeneity into 
the calculation. RESRAD was used only to calculate intakes and doses. Incorporating soil and air 
concentration heterogeneity into the conceptual model complicates both the calculation and 

"Setting the standard in environmental h&" 

' 

Risk Assessment Cotporation 
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interpretation of RSALs because the RSAL depends not only on the receptor scenario parameters, 
but also on the location of the receptor relative to sources of contamination. Because our 
objective was to provide a conservative RSAL that could be applied independent of location 
across the RFETS, we located each receptor at the point of the maximum air-to-soil concentration 
ratio. The location where this occurs is at the east edge of the site near Indiana Street. Air 
concentrations at this location are proportionally higher than the soil concentration because the air 
concentrations reflect the cumulative flux from al l  upwind contaminated areas. 

Our methodology incorporated environmental dose models that estimate dose from specified 
concentrations of radionuclides in environmental media. The exposure pathways considered were 
.inhalation, soil and food ingestion, and external irradiation. In addition, groundwater use for both 

- irrigation and drinking water was assumed for some scenarios. We also considered the effect of a 
' prairie fire, which would remove the vegetative cover and result in increased resuspension of soil 

for. a period of time, because such a fire, although not common, is possible. For each scenario, we 
incorporated the probability of a fire occurring in the area using fire statistics for the Twentieth 

. - -  Century in the Arapaho and Roosevelt National Forests and the Pawnee National Grasslands. For 
the plutonium assessment, the probab of a fire Occurring on the rancher's land at the RFETS 
was estimated to be about 1 x 

We calculated RSALs for uranium differently than those for plutonium because the nature 
and extent of contamination differs between the nuclides. Our treatment of plutonium considered 
a 10-km2 contaminated area. Using spatially variable soil concentrations and measured air 

-concentrations of plutonium around the site, we calibrated a suspension model so that the 
suspension rates of plutonium-contaminated soil would yield concentrations currently measured 
at the air samplers. This procedure was not extended to uranium because (a) uranium-specific 
measurements were not available at the samplers and (b) uranium contamination is not as 
widespread as plutonium and, therefore, would not be expected to respond in the same manner. 
Our investigation indicated that uranium contamination was mainly limited to past disposal areas 
and bum pits. Furthermore, Litaor (1995) notes fundamental differences in solubility 
characteristics of plutonium and uranium that, in turn, affect their mode of dispersion in the 
environment. 

Furthermore, the prairie fire was not considered for the uranium analysis because the 
smallest fire area considered in the fire statistics data set was 4.05 x Id m2, or 100 acres. Using 
the area encompassed by uranium contamination (100 m2), yields a probability of a fire that is 5 
orders of magnitude lower than that for &e plutonium case. Additionally, only the inhalation 
pathway was affected by the fire, i d  inhalation doses made up a small fraction of the total 
uranium dose. Nevertheless, we ran a trial fire case to verify that, even if there were a fire, the 
doses from uranium would not be significantly higt?er. For this trial, we conservatively assumed 
that any fire occurring on the site encompassed a uranium-contaminated area. Results of this trial 
showed incorporating the fire made little difference in the calculated dose and RSAL for uranium. 

. I  

~ 

- 
. 

b 

TASK 5: INDEPENDENT - .  CALCULAm.ON OF THE SOIL ACTION LEVELS 

RAC presented the results of its independent assessment and calculation of RSALs at Rocky 
Flats in the Task 5 report (Killough et al. 2000; Attachment B). The Task 5 report contained 
details of our technical approach for determining isotopic ratios, estimating concentration of 
plutonium in air, calculating an alternative groundwater dose from measurements in the literature, 
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program used for the earlier calculations. We developed the methodology for selecting 
r the Rocky.r;lats site and.presented the results as probability distributions of possible 

onsensus by the panel to represent a variety of exposure conditions, some of which were more 
onservative than others. <Each scenario was based on an -annual dose limit to .the ,receptor 

For each I scenario, ,we presented c 

ill not be exceeded. 

~ 

- -  - - -  

. I  on (pCi g-1) -, 
calculations. Each bability level corresponds to a 
il. The probability value represents the probability of 

exceeding the dose limit. For example, at soil concentration A (measured in picocunes per 
gram), ;here is a'5% that some person identified by the scenario will exceed the 
annual dose limit. Altq , there is a 95% chance that the dose limit for the given soil 
concentration will not be exceeded in any year. When we speak of probability levels 
throughout the report, we speak in terms of the probability of exceeding the annual dose 
limit. 

Risk Assessment Coporation 
" W n g  !he standard in environmental health" 



22 The Rocky Flats Soil Action LevekIndependent Review 
Technical Summary 

. _  

. . .  . .  
. . . . . . . . . .  . . .  , .  , . :,.:.;,-y,,', * :. . .  ( . ,  . . I . ,  ... , . ,  . .  . .  . .  

' . .  :A similar .probability. curve was .developed .for -each -scenario :and ,exposure .:condition 
, (Killou&. et.,al.:.2000, ,-Attachment .B): RSALs .are presented ,for plutoniuiisotopes: for seven 
..scenarios: the three DOE'scenarios rind the four RAC Scenarios..RSALs~&.presented for. uianium 

. '. isotopes % , . k d  . 238 .u) for'three scenarios: -the DOE resident.(DOE-l),'the RACnncher 
..@K-l);.and.the RAk.child of the rancher (RAC-2); For,the plutoniumjRSAL calculations, each 

scenario incorporated the impact ,of :a prairie fue, considering both the probability of it m u m n g  
and the impact .that revegetation might :have Ion ithe .soil conditions:after-:a %fire.. In..the;.Task 5 

'?: report, we also explained the scenarios, :important pathways, .and .radionuclides conkibuting to " 

. 1 ."For the DOE os,- 'we :calculated .RSALs '. i d l y  .using :our methodolqgy. It is 
- '. sortkwhat . &isleading .to' .compare ,the : results: of culations ':with the :-results:.;of the 
. DOFEPNCDPHE calculations (DOFEPNCDPHE 1996) .because of differences in the methods 

and parameters used. For the three DOEEPNCDPHE scenarios, these differences are attributed 
' to several factors. First, there was a difference in the dose conversion factors because.we used the 
more .recent 1CRP"k'yblication 72 dose conversion factors; which ani higher for ingestion and 
.lower for inhalation than the older dose 'conversion factors used 'as defaults &I RESRAD (ICRP 

. .1996). Second, the resuspension model used in our calculation results $I a lower concentration of 
'plutonium in air for a given soil concentration than the original DOEVEPNWPHE calculation. 
Consequently, the. relative importance of .the'inhalation pathway diminishes h o u r  calculation.. 

. . .  . . . . . .  . . . .  . . . .  . . . .  . . . . .  :. ', I. i_ l  .,:>-, 
~ L .  , -. . \ f . .  , 

. .  
. . . .  

. .  . .  

. .  

, ' .  . 
The following section highlights some of .our key'fmdings. . . .  . .  

. . .  . _ .  
. . . . .  . . . . . . .  

. .  
. . . . . .  

. .  - _ _ _ .  
Plutonium: Selected Probability Curves and MAL Values 

. .  

A sound technical foundation and credible scientific methodology are the most important 
elements in setting soil action levels for the Rocky Flats site. In the following ,section we provide 
RSALs supported by the scientific data,:as specified in the scope of work,'However, the final 
decision, which must consider other facto?, ultiInatqlylies in the hands of the stakeholders, DOE, 
and the regulators. In addition to the important calc.ulational aspects of the RSAL, several other 
criteria influence the decision-niaking process of s'electing ah RSAL for the site. Each element of 
the decision must be carefully considered and its importance weighed accordingly. Our approach 
has been to develop scientifically defensible soil on levels that both protect the public from 
receiving an exposure in excess of the dose limit and ?e reasonable to adopt, given certain social 
and political implications. The values we presented in the Task 5 report could be used as a 
starting place for applying such social and political considerations not used in our development of 
RSAL values. Some of these criteria are social, political, and economic factors that are outside 
the scope of our scientific work, yet their impact on the final RSAL value could be significant. 

In the following sections, we fmt list selected RSAL'values for all of the scenikios in Table 
8 and then provide the detailed probability curves for the key scenarios: DOE-1 (resident). RAC-2 
(rancher), and RAC-2 (child of rancher) scenarios. Based on the results of our calculations, Table 
8 lists selected plutonium RSAL values at the 10% probability level; this means there is a 90% 
probability that the dose limit will nor be exceeded. This probability level is based on a number of 
things. First, Comprehensive Environmental Response, Compensation, and Liability Act 
(CERCLA) guidelines, which apply in this case, indicate that the RSAL is intended to assure 
protection of the "reasonable maximum exposed" (RME) individual, above the 90* percentile of 

c 

. .  
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the distribution. Additionally, 90% confidence intervals are commonly used in statistical 
parameter estimation. Considerations such as these directed our decision to select the 10% level 
as the appropriate level for determining a soil concentration to represent an RSAL. 

Table 8: Selected RSAL Values For Plutonium (pCi g-') at the 10% Probability Level" 
Dose limitb 

DOE-2 (open space user) 
DOE-3 (office worker) 

a At the 10% probability level, there is a 90% probability that the dose limit will not be exceeded. 
Based on draft EPA guidance from 40 CFR 196. These dose limits were used in the previous 
DOEEPNCDPHE calculations. 

The relative importance of pathways for plutonium RSALs depends on the value of the 
RSAL. The lower RSALs are driven by the occurrence of a fire, which would result in enhanced 
resuspension and therefore higher air concentrations, which lead to higher inhalation doses. As 
the importance of inhalation decreased with increasing soil concentrations, other pathways, 
especially soil ingestion, became more important. In the following discussion, we present the 
RSAL probability curves for RACs rancher and child. of the rancher scenarios and for 
DOEEPNCDPHE resident scenario and we summarize the key findings about the RSAL 
probability curve and the dominant expos 

0 

ways for the other scenarios. 

DOE-1 (resident) scenario: This scenario was part of the original RSAL calculation 
(DOEVEPAKDPHE 1996). The RSALs presented here represent this same scenario 

probability that the dose limit would &t be ex&e$ed), &e RAC-ciilculatEd RSALs are about- 
45 pCi g-' for the 15 mrem dose limit and about 260 pCi g-' at the 85 mrem dose limit. Figure 
3 presents the RSAL probability curve for the DOE-1 (resident) scenario resulting from RAC 
calculations. 

- -  
~ _ _  - - - .calculated stochas@dly using themethodology developed by RAC. At the 10% level (90% 

-- 

_- 
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0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 
232k240Pu Concentration (pCi g-1) 

Figure 3. Probability of the total dose exceeding the dose l i t  for the DOEYEPAKDPHE 
resident scenario. Total dose includes the sum-of-ratios calculation for all plutonium 
isotopes and their daughter products. This distribution includes the impact of a fire 
considered probabilistically . 

DOE-2 (open space user) scenario: This scenario was part of the original RSAL calculation 
(DOEEPNCDPHE 1996) and assumes that the site remains as open spade and will not be 
developed in the future. The RSALs presented here represent this same scenario calculated 
stochastically using the methodology developed by RAC. At the 10% level (90% probability 
that the dose limit would not be exceeded), the RAC-calculated RSAL for 23*%, including 
the sum-of-ratios calculation, was about 6600 pCi g-' for an 85 mrem dose limit. 

DOE-3 (office worker) scenario: This scenario was part of the original RSAL calculation 
(DOEEPNCDPHE 1996) and assumes that the site is developed into an industrial 
parkloffice complex. The RSALs presented here represent this same scenario calculated 
stochastically using the using the methodology developed by RAC. At the 10% level (90% 
probability that the dose limit would not be exceeded), the RAC-calculated RSAL for 

including the sum-of-ratios calculation, was about 1600 pCi g-' for an 85 mrem dose 
limit. 

- 
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0 RAG1 (rancher)menario: This scenario represents a full-time adult-rancher who lives and 
. works on what are. now RFETS. lands. The probability curve shows two "distinct slopes 

(Figure 4). For "% concentrations less than -80 pCi g-', the slope of the probability curve is 
shallow and reflects doses from inhalation of -resuspended dust and foliar deposition on 
plants. For soil concentrations greater than 80 pCi g-', the probability curve exhibits a steeper 

slope of the, probability curve for 

e 

air concentrations .were considerably more variable than "soil concentrations. Therefore, 
RSALs at the 10% probability level (90% probability that.the 15 mrem dose limit will not be 
exceeded) were controlled mainly by, the inhalation of resuspended dust. Note that the 

the sum-of-ratios calculation, results in an RSAL of about 35 pCi g-'. Figure 4 presen 

RAC Rancher Scenario (15 mrem Limit) 

I 

I 
~ - _ _ _  - - - - -  

- - - -  - - .  

0 20 40 60 80 100 1 20 140 
m2mPu Concentrati 

Figure 4. Probability of the total dose exceeding the 15 mrem dose limit for the RAC 
rancher scenario. Total dose includes the sum-of-ratios calculation for all plutonium 
isotopes and their daughter products. This probability curve includes the impact of a fire 
considered probabilistically . 

Risk Assessment Copomtion 
"Setting the standard in environmental health" 
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RAC-2 (child of rancher) scenario: This scenario represents a 10-year old child of a full 
time resident (rancher) who lives on what are now RFETS lands. The probability curve shows 
two distinct slopes (Figure 5). For uw% concentrations less than -60 pCi g-', the slope of 
the probability curve is shallow and reflects doses from inhalation of resuspended dust and 
foliar deposition on plants, primarily from fire events. For soil concentrations greater than 60 
pCi g-', the slope of the probability curve exhibits a steeper slope and is controlled mainly by 
the soil ingestion and plant ingestion pathways. The inflection point of this probability curve 
occurs at a lower uw% soil concentration compared to the adult rancher. Because ingestion 
rates for the two scenarios were assumed to be the same (75 g y-I), this difference reflects the 
-differences in the ingestion dose conversion factors between the adult and child. At the 10% 
probability level, the 23w% S A L ,  including the sum-of-ratios calculation, was about 35 
pCi g-'. Figure 5 presents the RSAL probability curve for RAC-2 (child of rancher) scenario 
'resulting from RAC calculations. ,; 
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Figure 5. Probability of the total dose exceeding the 15 mrem dose limit for the RAC child 
of the rancher scenario. Total dose includes the sum-of-ratios calculation for all plutonium 
isotopes and their daughter products. This probability curve includes the impact of a fire 
considered probabilistically. 
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RAC-3 (infant of rancher) scenario: This scenario represents an infant of a full-time 
resident (rancher) who lives on RFETS lands. Like the other scenarios, the probability curve 
shows two distinct slopes. For concentrations less than -90 pCi g-', the slope of the 
probability curve is shallow and reflects doses from inhalation of resuspended dust and foliar 
deposition on plants. For soil concentrations greater than 90 pCi g-', the slope of the 
probability curve exhibits a steeper slope and is controlled mainly by the soil ingestion and 
plant ingestion pathways. The inflection &point of this probability curve occurs at a higher 

reflects the differences in the dose conversion factors and in 
for the adult, child, and infant. While the-dose conversion 
infants, their contaminant intake rates (Le., breathing rate and food in 
generally lower. At the 10% probability level, the =*% RSAL, includin 

soil concentration compared to the adult rancher and child s c e n ~ o s :  This 

as about 85 pCi g-'. 

RAC-4 (industrial worker) scenario: This scenario repres 
industrial complex at the RFETS. Like the other scenarios, 
distinct slopes. For concentrations less than -150 pCi g-t (-850 pCi g-' for the 85 
mrem dose limit) the slope of the probability curve is shallow and reflects doses from 
inhalation of resuspended dust (plant ingestion was not considered). For soil concentrations 
greater than 150 pCi g-' (-850 pCi g-' for the 85 mrem dose limit), the probability curve 
exhibits a steeper slope and is controlled by soil ingestion. The inflection poipt of this 
probability curve occurs at a higher =%%I soil concentration compared to all other RAC 
scenarios because intake rates of contaminated media are substantially less for this scenario. 
At the 10% probability level, the 23*2% RSAL, including the sum-of-ratios calculation, was 
about 90 pCi g-' at the 15 mrem dose limit and about 525 pCi g-' at the 85 mrem dose limit. 

Uranium: Selected Probability Curves and MAL Values 

The previous section described the results of the calculations for the major radionuclides in 
the soil at Rocky Flats, that is, for 241Am and the several isotopes of plutonium, (98Pu through 
242 - - _  - -  Pu). - -  Uranium is also present in the soil at a few locations on the Rocky ,Flats site in 
concentrations abovee-n&kd bakground; but the history of this contamination is different from 
that of the americium and plutonium from the 903 Area. For uranium, we assumed fixed isotope 
ratios for the ?.J, %, and u8U present at the site and expressed the composite uranium level in 
terms of a single isotope, %. The reported calculations incorporated estimates of ,parmter  
uncertainty, and results for each scenario are presented in terms of the probability that the dose 
limit will not be exceeded. The prairie fire was not considered for the uranium analysis because 
uranium is more of a hazard when ingested and it was, therefore, of interest to leave it in the 
surface soil available for leaching into groundwater pathways. Table 9 lists the selected uranium 
RSAL values at the 10% probability level, again indicating that there is a 90% probability that the 
dose limit will not be exceeded. 

Risk Assessment Corporation 
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Table 9: Selected RSAL Values For Uranium (pCi g-') at the 10% Probability Level" iJ' 

~~ 

Scenario Dose Limitb 
Water pathway on Water pathway off 

15 mrem 15 mrem 85 mrem 
DOE-1 (resident) 35 200 

RAC-1 (rancher) 10 80 
RAC-2 (child of rancher) 10 65 
" At the 10% probability level, there is a 90% probability that the dose limit will not be exceeded. 

Based on EPA guidance from 40 CFR 196. These dose limits were used in the previous 
DOEEPNCDPHE (1996) calculations. 

RSALs were presented for uranium isotopes (%U, %, and for three scenarios: the 
DOE-1 (resident), RAC-1 (rancher), and RAC-2 (child of rancher) scenarios (Killough et al. 
2000). The rancher and child of rancher scenarios were chosen because these scenarios yielded 

. the most restrictive RSALs for plutonium. A significant difference between the DOE 
methodology and our methodology was the area of contamination assigned to uranium. The DOE 
methodology assumed the area of uranium contamination was the same as plutonium (40,000 m2). 
Our investigation indicated that uranium contamination is not as widespread as plutonium 
contamination and it is mainly limited to past disposal areas or burn pits. Therefore, we treated 
the uranium contamination as a hot spot and restricted its area to 100 m2. 

0 DOE-l(resident) scenario: The usU RSALs at the 10% level (90% probability that the dose 
limit would not be exceeded), were about 35 pCi g-' for the 15 mrem dose limit and about 
200 pCi g-' at the 85 mrem dose limit. These RSALs incorporated the sum-of-ratios 
calculation to include the other uranium isotopes. It is important to point out that the 
groundwater pathway was treated differently in the RAC and DOE9EPNCDPHE 
interpretations of this scenario. DOE ignored the groundwater pathway and extracted doses 
for the year 2000. However, they allowed uranium to be leached from the ground surface at a 
rate proportional to the background infiltration rate (0.38 m 7 ' )  plus the irrigation rate (1 m 
y-I). In our calculations, we let RESRAD calculate the maximum dose in the 1000-year time 
of compliance and extracted RSALs for that time. The time of maximum dose varied between 
year 2000 and year 2500 depending on the contaminant travel times in the unsaturated and 
saturated zones. Uranium that migrated to the groundwater was then used for irrigation, 
thereby contaminating edible plants (direct consumption of water was not considered). 

c 

RAG1 (rancher) scenario: Soil action levels were calculated for two cases: one that 
considered a viable groundwater pathway and the other that assumed all water was derived 
from offsite sources. Differences between the RSALs with the water pathway on and off were 
substantial. When the water pathways were turned on, a 1 m y-' irrigation rate was used and 
resulted in a substantial increase in the removal of radionuclides from surface soil via 
leaching. However, unlike plutonium, unsaturated zone transit times (the time it takes 
radionuclides to travel from the contaminated zone to the shallow subsurface aquifer) were 
typically less than 500 years for uranium isotopes. Consequently, the dose as a function of 
time typically had two peaks: one at year 2000 (the start time of the simulation) and one after 
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uranium reached the .water well in the aquifer. 'At the 10% level (a 90% probability that the 
15 mrem dose limit will not be exceeded), the RSAL for 238U, including the sum-of-ratios 
calculation, was about 10 pCi g-' with the water pathway on and about 80 pCi g-' with the 
water pathway off. Doses were dominated by water dependent pathways for "*U RSALs that 
were <60 pCi g-' with the water pathway on. With the water pathway off, doses were driven 
by ground exposure and plant ingestion. 

RAG2 (child of rancher) scenario: As with the rancher scenario, oil action levels were 
calculated for two cases: one that considered a viable groundwater way, and the other 
that assumed all water was derived from offsite sources. Again, differences between the 
RSALs with the water pathway on and off were substantial. At the 10%.level (a 90% 
probability that the 15 mrem dose limit will not be exceeded) the RSAL for 
the sum-of-ratios calculation, with the water pathway on was about 10 pCi g-' and about 65 
pCi g-' with the water pathway off. With the water pathway on, doses were dominated by 
waterdependent pathways for3"'U1RSALs that were 4 0  pCi g-'. With the water pathway 
off, doses were driven by ground exposure and plant ingestion. 

0 

TASK 6: SOIL SAMPLING PROTOCOL 

An important goal of the project was to develop recommendations for a soil sampling 
protocol for use at the RFETS to obtain soil concentration data for comparison to the soil action 
levels. Sampling protocols are written descriptions of the detailed procedures to be followed in 
collecting, packaging, labeling, preserving, transporting, and documenting the samples. 
Attachment C contains the soil sampling protocol recommendations, reviews existing procedures 
and protocols for soil sampling, evaluates the quality assurance procedures for sampling, and 
describes soil sampling protocols in detail based on statistical methods (Thome and Rood 1999). 

Sampling protocols are generally developed using clearly defined guidelines by the EPA and 
DOE. These guidelines incorporate the iterative data quality objective process and require DOE 
and its contractor to evaluate several important considerations. These considerations include 
evaluating sampling and analytical costs in relation to available resources and accepting potential 

- decision-errors that qay  result in - remediating sites that are judged contaminated when they are 
actually below the soil action levds. Conversely, 
incorporate the concerns of the general public and other stakeholders, which are represented by 
the RSALOP and the soil action level study. Because of the complexity of developing sampling 
protocols, with the inherent need to balance the concerns of DOE and the RSALOP, developing a 
comprehensive sampling protocol was not considered possible. Rather, R4C recommended 
elements of a soil sampling protocol considered essential to ensure that representative soil 
samples are collected for comparison to the soil action levels. These recommendations were 
provided to the RSALOP for presentation to DOE and its contractor, Kaiser-Hill Company, for 
incorporation into the soil sampling protocol and procedures to be used for the soil action level 

---- ~- -~ . - - . - 

loping a sampling protocol must also- = - - -- ~ ~ 

process. 
RAC conducted a review of the current sampling program used at the RFETS and found that 

a specific sampling protocol for the soil action levels study had not been developed. However, 
during this review, several procedures were identified that are available in the Rocky Flats 
program for incorporation into a sampling protocol. Task 6 also presented recommendations for a 

Risk Assessment Corporation 
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I soil sampling protocol to support the final status survey. The final status survey determines the 
. .final condition of the site and is performed after decontamination activities are completed. On the 
.other hand,*recommendations for a sampling protocol in support of remedial action were not 
developed for the Task 6 report. Soil sampling in support of remedial action is an important 

-concept; however, a large number of soil samples have already been collected for use in 
evaluating the nature and extent of contamination in the .surface soil at the RFETS (see 
Attachment C). 

c RAC provided several recommendations for developing a surface-soil sampling protocol for 
the final status survey. The following list summarizes some of the recommendations (see 
Attachment C for the full list). RAC recommended the following: 
.. . 

.. _. .' . .i :e "'The'data quality objective process should be used to develop the soil sampling ,protocol 
., '.. .foi the;finai .status survey. . .  

. .  
' ' ; . .i . DOEshould'appoint representatives-from the RSALOP for inclusion on the.data quality 

: :RAC's :technically :derived RSAL .values .from the soil action level probability curves 
. ' 'should be used by the RSALOP for comparison to the soil concentration data. ' . 

, . .  
. -  

. .  . .  
, ':.&&tive.pl&g team. 

. I  , .  . .  , .. . . I  .. . >.. , , 

_ .  . .  .:., . . . .  . .  . 
._ ... 
. ,  

. .  

. .  

. .  

. .  

. .  

. .  
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. .  
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Profile sampling should be conducted in soil depth increments of 0-3 cm to be consistent 
with the resuspension model p k e t e r s  used to develop the soil action levels. 
Soil samples should not be cornposited; rather, individual soil samples should be 
analyzed for radionuclide contaminants. 
The arithmetic mean of the soil concentration data and its associated uncertainty at the 
upper 95% confidence interval should be used for comparison to the soil action levels. 
The non-parametric statistical tests, called MARSSIM, which were developed by the 
NRC in 1997, should not be used for the soil action level study because these tests 
compare the median value of the sample distribution to the soil action levels. 
In situ gamma spectroscopy measurement should be performed to identify potential hot 
spot locations. Hot spots identified by soil samples or in situ gamma spectroscopy 
measurements should be investigated further to delineate the size of the hot spot and to 
determine the upper 95% confidence interval of the mean radionuclide concentrations 
contained in the hot spot. 
DOE should implement an independent verification survey for the RSAL project. 

CONCLUSIONS 

The primary objective of this project has been to review radionuclide soil action levels 
(RSALs)  adopted by the Department of Energy, the U.S. Environmental Protection Agency, and 
the Colorado Department of Health and Environment in 1996 for cleanup at the Rocky Flats 
Environmental Technology Site (DOEEPNCDPHE 1996). Another objective has been to 
recommend a technical approach for independently deriving RSALs for the site. We applied this 
approach to the Rocky Hats data using the most restrictive exposure scenarios approved by the 
Oversight Panel and assuming a 10% probability that the 15 mrem per year dose limit will be 
exceeded (i.e. a 90% probability that the dose limit will not be exceeded). Using this approach, 
the technically derived RSAL for n9t2% in soil at Rocky Flats would be 35 pCi g-'. This 
calculation was corroborated by an alternate method calculation that also resulted in an RSAL at 
the 10% level of about 37 pCi 8'. suggesting 35 pCi g-' as a technically based RSAL for the . .  
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Rocky Flats site. The results as presented are a reasonable indication of RSAL magnitudes based 
rely scientific considerations if the prescribed dose is not to be exceeded. 

The calculation of uranium RSALs was done somewhat differently than those for plutonium 
because of significant differences in the nature and extent of contamination and the mobility of 

the subsurface. For each uranium scenario, consideration was given to whether 
r pathway assumed that the surficial 
r human consumption and irrigation. 
ut inclusion of this process in our 

ssuming the groundwater pathway 
be exceeded, the technically derived 

in this report are sound and we 
rtainties on estimates of doses, and we 

’s time and budget 
ral important areas of research that, if 

recommendations 
for further research and‘recognize that they could change the current results somewhat and 
improve them as a basis for decision making. 

Our methodology is based on several extensions of an earlier approach proposed by 
DOEVEPNCDPHE (1996) that used the RESRAD computer program. The contract required that 
the work consider maximum annual dose limits of 15 and 85 mrem in any year over the next lo00 
years. We adopted the 15 mrem per year limit for a technically based RSAL because it is more 
protective of the public and because our evaluation of risk associated with this dose better 
corresponds to the target level of risk associated with federal guidance (e.g. CERCLA). Although 
we considered several computer codes to use as the basis of our analysis, the RESRAD code was 
adopted because it was the most practical choice and because we were required to make 
calculations with RESRAD in addition to any other code that may have been selected. Therefore, 
we designed extensions to RESRAD to include (1) consideration of the heterogeneity of 
radionuclide concentrations in soil around the site, (2) quantification of the uncertainty in 
predictions of dose, (3) consideration of additional exposure scenarios, and (4) treatment of the 

acts of a probabilistic fi 

- -  - -~ - possible - Occurrence of a large grass fire. 
other factors beyond the Scope of this work should-be considered in the selection of cleanup = 

strategies for Rocky Flats. The soil action level that is applied for cleanup should be decided by 
federal and state authorities and the community working together to arrive at a cleanup level that 
provides long term protection of the public. Figure 6 shows probability curves for the most 
restrictive scenarios. This figure broadly summarizes the results of our work. Parties involved in 
the decision process might find the figure useful in their deliberations, keeping in mind the 
different exposure scenarios represented by the curves and the uncertainties involved. 

Risk Assessment Corporation 
“Setting the standard in environmental health” 
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Figure 6. Composite graphic illustrating the most restrictive scenarios and 
showing a region centered at a soil action level of 35 pCi g-'. Curve A represents 
the rancher and assumes that a fire occurs with a probability of 1; curve B 
represents the rancher scenario and takes into account the occurrence of a fire as 
a probabilistic event; curve C represents the child scenario and, like curve B, 
incorporates the probability of a fire. 

There are several features illustrated in this figure that are important to note. Curve A, 
defined by the rancher scenario and with the probability of a fire equal to one, likely represents 
the most conservative set of assumptions and hence the most restrictive radionuclide soil action 
level. We say "likely" &cause further research into the impacts of a prairie fire could show that 
we have underestimated the effects of the fire. Curve B represents the rancher and incorporates a 
stochastic model of a future fue. With our assumption of a 10% probability of exceeding the dose 
limit, this curve yields a soil action level of about 35 pCi g-' (the exact value is 33 pCi g-I). 
Toward the left of the curve, the shape and slope are controlled primarily by inhalation and the 
probability of occurrence and extent of a fire. However, as the soil concentration of 
increases, the contribution to dose from ingestion becomes more prominent, and the slope is more 
influenced by this pathway. Curve C is that of the rancher's child with the stochastic fire model 
included. This curve is quite similar to that of the rancher with the stochastic fire model but the 

239+24opu 
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indicates this scenario is not as protective as the rancher scenarios in the region of lower 
S A L \  ‘concentrations. :At higher RSAL concentrations however, this curve becomes more 

protective than that of the rancher because the ingestion pathway becomes more influential. The 
steepness of the curve reflects less uncertainty in the calculation. The rancher scenario with the 
probabilistic fire is our basis,for selecting an RSAL at the 10% probability level. 

To give a better visualization of our results, we have underlain Figure 6 with a spectrum that 
ands in both directions around 35 pCi g-’ which is about where the rancher and child of the 

er curves intersect the 10% probability level. Colors are darker near the center of the 
m andIlighterfarther out. It is important to understand that curves A, B, and C are based 

n a sum-of-ratios calculation that incorporates the contribution to dose from other radionuclides 
e graphic suggests a technically based RSAL of 

10% probability-level and a range of possible RSALs in both directions 
though there is no quantitative basis for the boundaries of this range, it 

t that going too far in either direction from the center of the spectrum can potentially 
blematic for a variety of reasons. Radionuclide soil action levels that are significantly lower 

y correspond to unrealistically conservative scenario descriptions, which could lead to 
ignificantly greater cleanup’costs than can be justified. On the other hand, RSALs that are 

significantly larger lead to a high probability of exceeding the prescribed dose limit and could 
impact human health. It is especially important to understand that the calculation based on the 
child scenario and influenced primarily by soil ingestion is scientifically well supported. It is 
unlikely to change greatly unless values for important parameters change, such as the dose 
conversion factors or the soil ingestion rate. Therefore, curve C effectively represents an upper 
bound for the MAL. If the soil action level were too close to this curve, the probability of 
exceeding the dose limit is greatly increased. 

We also developed an alternate method for calculating acceptable levels of radionuclides in 
soil. This method was based on calculating annual doses to the receptor for different remediation 
(Le., cleanup levels) levels. The remediation level that resulted in a 10% probability that the 15 
mrem dose limit would be exceeded defined the RSAL. This method more explicitly addresses 
the heterogeneity of the site and makes it possible to estimate RSALs that correspond more 
directly to a remediation strategy than does the sum-of-ratios technique used with RESRAD. The 
approach is more ddficult to implement and therefore has not been fully automated in the 
analysis. However, because it is more explicitFit is a useful check on the sum-of-ratios-me&od,= 
and we include its results in these conclusions. This alternate calculation resulted in an RSAL at 
the 10% level of about 37 pCi g-l for u9e2%, suggesting the value of 35 pCi g-’ should be 
strongly considered as a technically based RSAL for the Rocky Flats site. 

Our analysis is based on the best available data and methods that we could employ. During 
the course of our work, we have identified important research that should be completed in order 
to strengthen our methodology. In addition, changes in the design specifications or scenario 
assumptions on which this methodology is based would change the results accordingly. This 
flexibility is quite important to keep in mind because a number of issues that could affect these 
results have been raised during the course of our work. 

While our methodology and the resulting R S k t  values are scientifically defensible and are 
based on sound science, RAC believes that additional work could reduce some of the uncertainties 
and refine the RSALs. There were specific areas where more information or more organized 
research and scientific inquiry would have allowed us to make better estimates of parameters or 

2 3 9 t 2 4 0 ,  ~h sent in the soil in addition to . 
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to develop more well-defined methods in our approach. Foremost among these are data that 
quantify the impact of a prairie fire on the land now occupied by the Rocky Flats site and the data 
from the Actinide Migration Evaluation studies. Other important areas include: 

0 

0 

0 

* 

effect of prairie fues on the resuspension of material 
time sequence of revegetation following a natural event like a fire 
more realism in the resuspension model for RES- 
developing a methodology to estimate the effects of combined exposure to both the 

. uranium hotspots and the widespread plutonium contamination at Rocky Flats 
construction of a computer-implemented model of the Rocky Flats to-permit flexibility in 
analyzing different radionuclides, sources, and pathways 
groundwater transport properties at Rocky Flats 
new discoveries about site-specific distribution coefficients 
potential for accumulation of actinides on offsite lands and water resources 
protection from violation of the Rocky Flats Cleanup Agreement (RFCA) surface water 
standards for plutonium 

0 

.* 
- 

A sound technical foundation and credible scientific methodology are the most .important 
elements in setting soil action levels for Rocky Flats site. However, the final decision on setting 
the RSALs ultimately lies in the hands of the stakeholders, DOE, and other State and federal 
authorities. There are other criteria that influence the decision-making process for the Rocky Flats 
site, such as the cost of cleanup, protection of ecological resources, and community values. The 
approach to cleanup that is ultimately implemented by the DOE at the RFETS will involve many 
political, social, economic, and moral decisions. It is imperative that all involved in the decision 
process recognize these factors and the integration of ideas that must go into making a decision of 
this type. 

RAC's task was to evaluate the RSALs adopted for Rocky Flats in 1996, to develop a 
methodology for independently determining RSALs, and to calculate RSALs for Rocky Flats by 
applying this methodology. We conclude that applying our method to the exposure scenarios 
approved by the Oversight Panel, using 15 mrem y-' as a dose limit, and assuming a probability 
level of 1096, indicates a technically based RSAL for u*% in soil at Rocky Flats of 35 pCi g-'. 
For uranium, a technically derived RSAL using our methodology and assumptions would be 10 
pc i  g-I. 

. I  
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